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HOMOGENEOUS ASSAY SYSTEM 

This invention relates generally to the field of nucleic add chemistry. More 

specifically, it relates to the use of the 5' to 3' nuclease activity of a nucleic add 

polynierase to degrade a labeled oligonucleotide in a hybridized duplex composed of the 

5 labeled oligonucleotide and a target oligonucleotide sequence and fonn detectable 
labeled fragments. 

Investigational microbiological techniques are routinely applied to diagnostic 
assays. For example, U.S. Patent No. 4.358,535 discloses a metiiod for detecting 
pathogens by spotting a sample (e-g*, blood, cells, saliva, etc.) on a filter (e.g., 
10 nitrocellulose), lysing tiie cells, and fixing tiie DNA tiirough chemical denaturation and 
heating. Then, labeled DNA probes are added and allowed to hybridize with the fixed 
sample DNA, hybridization indicating the presence of the patiiogen's DNA. The 
sample DNA in dus case may be amplified by culturing die cells or organisms in place 
on the filter. 

15 A significant improvement in DNA amplification, die polymerase chain reaction 

(PGR) technique, is disclosed in U.S. Patent Nos. 4,683,202; 4,683.195; 4,8(X),159; 
and 4,965,188. In its sinplest form, PGR is an in vitro metiiod for die enzymatic 
synthesis of specific DNA sequences, using two oligonucleotide primers tfiat hybridize 
to opposite strands and flank die region of interest in the target DNA. A repetitive 

20 series of reaction steps involving template denaturation, primer annealing, and the 
extension of die annealed primers by DNA polymerase results in die expcMiential 
accumulation of a specific fiagment whose termini arc defined by die 5' ends of die 
primers. PGR is capable of producing a selective enrichment of a specific DNA 
sequence by a factor of 109. ' The PGR mediod is also described in Saiki ei al.. 1985, 

25 Science 230: 1350. 

. Detection methods generally employed in standard PGR techniques use a 
labeled probe widi die amplified DNA in a hybridization assay. For example, EP 
PubUcation No. 237,362 and PGT PubUcation No. 89/1 1548 disclose assay metiiods 
wherein die PGR-amplified DNA is first fixed to a filter, and dien a specific 

30 oligonucleotide probe is added and allowed to hybridize. Preferably, die probe is 
labeled, e.g., widi 32p, biotin, horseradish peroxidase (HRP), etc., to allow for 
detection of hybridization. The reverse is also suggested, tiiat is, die probe is instead 
bound to the membrane, and die PGR-amplified sample DNA is added. 

OdiCT means of detection include die use of fiagn^t length polymoiphism 

35 (PGR-FLP), hybridization to allele-specific oligonucleotide (ASO) probes (Saiki £i gl., 
1986, NattiiTp 224: 163), or direct sequencing via die dideoxy mediod using amplified 
DNA radicr tiian cloned DNA. The standard PGR technique operates essentially by 
replicating a DNA sequence positioned between two primCTS. providing as die major 
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product of the reaction a DNA sequence of discrete length terminating with the primer at 
the 5' end of each strand. Thus, insertions and deletions between the primers result in 
product sequences of difBerent lengths, which can be detected by sizing the product in 
PCR-ELP. In an example of ASO hybridization, the amplified DNA is fixed to a nylon 
S filter (by, for example, UV iiradiation) in a series of "dot blots", then allowed to 
hybridize with an oligonucleotide probe labeled with HRP under stringent conditions. 
After washing, tetramethylbenzidine (TMB) and hydrogen peroxide are added: HRP 
catalyzes die hydrogen peroxide oxidation of TMB to a soluble blue dye that can be 
precipitated, indicating hybridized probe- 

10 While tiie PGR technique as presentiy practiced is an extremely powerful 

method for amplifying nucleic acid sequences, the detection of the amplified material 
requires additional manipulation and subsequent handling of die PGR products to 
determine whedier tfie target DNA is present It would be desirable to decrease the 
number of subsequent handling steps currentiy required for the detection of an^lified 

15 material* A "homogeneous" assay system, that is, one which generates signal while the 
target sequence is amplified, requiring minimal post-amplification handling, would be 
ideal. 

The present invention provides a process for the detection of a target nucleic 
acid sequence in a sample, said process comprising: 

20 (a) contacting a sample cotnprising single-stranded nucleic acids with an 

oligonucleotide containing a sequence complmentaiy to a rej^on of the target nucleic 
arid and a labeled oligonucleotide containing a sequence complraientary to a second 
region of the same target nucleic arid strand, but not including the nucleic arid 
sequence defined by the first oligonucleotide, to create a mbcture of duplexes during 

25 hybridization conditions, wherein the duplexes comprise the target nucleic add 

annealed to the first oligonucleotide and to die labeled oligonucleotide such that the 3' 
end of die first oligonucleotide is adjacent to the 5' end of die labeled oligonucleotide; 

(b) maintaining the mixture of step (a) with a template-dependmt nucleic arid 
polymerase having a 5' to 3' nuclease activity under conditions suffirient to permit die 

30 5* to 3' nuclease activity of die polymraase to cleave the annealed, labelied 
oligonucleotide and release labeled fragmmts; and 

(c) detecting and/or measuring the release of labeled fi'agments. 

This process is especially suited for analysis of nucleic add amplified by PGR. 
This process is an improvement over known PGR detection methods because it allows 
35 for both amplification of a target and the release of a label for detection to be 

accomplished in a reaction system witfiout resort to multiple handling steps of the 
an5)Mfied product Thus, in another embodiment of die invention, a polymerase chain 
reaction amplification method for concurrent amplification and detection of a tai^et 
nucleic arid sequence in a sanxple is provided. This method comprises: 
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(a) providing to a PGR assay containing said sample, at least one labeled 
oligonucleotide containing a sequence complenientary to a region of the target nucleic 
add, wherein said labeled oligonucleodde anneals within the target nucleic acid 
sequence bounded by the oligonucleotide primers of step (b); 
5 (b) providing a set of oligonucleotide primers, wherein a first primer contains 

a sequence complementary to a region in one strand of the target nucleic add sequence 
and primes the synthesis of a complementary DNA strand, and a second primer 
contains a sequence complen^entaiy to a region in a second strand of the target nucleic 
add sequence and primes the synthesis of a complementary DNA sttand; and whwein 
10 each oligonucleotide primer is selected to anneal to its complementary tanplate 
upstream of any labeled oligonucleotide annealed to the same nucldc add strand; 

(c) amplifying the target nucldc acid sequence employing a nucleic add 
polymerase having 5' to 3' nuclease activity as a ten:q)late-dependent polymerizing 
agent under conditions which are permissive for PGR cycling steps of (i) annealing of 

15 primers and labeled oligonucleotide to a template nucleic add sequence contained within 
the target region, and (ii) extwiding the primer, wherein said nucleic acid polymerase 
synthesizes a primer extension product while, the 5' to 3' nuclease activity of die nucleic 
add polymerase simultaneously releases labeled fiagnaents fi^m the annealed duplexes 
comprising labeled oligonucleotide and its complementary template nucldc add 

20 sequences, thereby creating detectable labeled fragments; and 

(d) detecting and/or measuring the release of labeled fragments to determine 
die presence or absence of target sequence in die sample. 

Figure 1 is an autoradiograph of a DEAE cellulose tiiin layer chixxnatography 
(TLC) plate illustrating die release of labeled fragments from cleaved probe. 
25 Hgure 2 is an autcnadiograph of DEAE cellulose TLC plates illustrating tiie 

tfiermostability of the labeled probe. 

Figures 3A and 3B are autoradiographs of DEAE cellulose TIX: plates showing 
that the amount of labeled probe firagn»nt released correlates widi an increase in PGR 
cycle number and starting template DNA concentration. 
30 Hgure 4 illustrates the polymerization independent 5 - 3* nuclease activity of 

3aa DNA polymerase shown in die autoradiograph using a series of primes which 
anneal from zero to 20 nucleotides upstream of the probe. 

Figure 5 is an autoradiograph showing die rdease of labeled probe fragments 
under increasin g: incubation temperatures and time, wherein the composition at the 5* 
35 end of tiie probe is GC rich. 

Figure 6 is an autoradiograph showing die release of labeled probe fragments 
undCT increasing incubation temperatures and time, wherein die composition at the 5* 
end of die probe is AT rich. 
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Figure 7 provides 5% acrylamide electrophoresis gel analysis of a 142 base pair 
HIV product, amplified in the presence or absence of labeled probe. 

Figure 8 is a composite of two autoradiographs of TLC analysis of aliquots of 
PGR amplification products which show that radiolabel release occurs and increases in 
5 amount with both increases in starting template and with longer thCTnocycling. 

Figure 9 is a schematic for a reaction in which an NHS-active ester derivative of 
biotin is added to the 3'-amine of an bli^nucleotide probe. 

Hgure 10 is a schematic for a reaction in which a biotin hydrazide is used to 
label an oligonucleotide probe tiiat has a 3*-ribonucleotide. 
10 Figure 1 1 is a schematic for labeling an oligonucleotide probe with biotin using 

a biotin phosphoramidite. 

Figure 12 shows a reagents for labeling oligonucleotide probes with biotin. 

Figure 13 shows an oligonucleotide probe labeled with rhodamine-X-590 and 
crystal violet 

15 Figure 14 shows a schematic for a reaction to generate an active acyl azide of 

crystal violet 

Figure 15 shows a schematic for a reaction to add an amine to a thymidine for 
use in conjugating a label to an oligonucleotide probe. 

Figure 16 shows typical results and relation of signal to input target number for 

20 the present metiiod using Bakerbond™ PEI solid phase extractant 

As used hCTein, a "sample" refers to any substance containing or presumed to 
contain nucleic acid and includes a sample of tissue or fluid isolated fitom aii individual 
or individuals, including but not limited to, for example, skin, plasma, s^m, spinal 
fluid, lymph fluid, synovial fluid, urine, tears, blood cells, organs, tumors, and also to 

25 samples of m vitro cell culture constinients fmcluding but not limited to conditioned 
medium resulting fiom the growth of cells in cell culture medium, recombinant cells 
and cell components). 

As used herein, die terms "nucleic acid", "polynucleotide" and 
"oligonucleotide" refer to primers, probes, oligomer fragments to be detected, oligomer 

30 controls and unlabeled blocking oligomers and shall be generic to 

polydeoxyribonucleotides (containing 2-deoxy-D-ribose)r to polyribonucleotides 
(containing D-ribose), and to any ofliar type of polynucleotide which is an N-glycoside 
of a purine or pyrimidine base, or modified purine or pyrimidine bases. There is no 
intended distinction in length between the term "nucleic acid", "polynucleotide" and 

35 "oligonucleotide", and these terms will be used intCTchangeably. These terms refer 
only to the primary structure of the molecule. Thus, these terms include double- and 
single-sttanded DNA, as well as double- and single-stranded RNA. The 
oligonucleotide is comprised of a sequence of approximately at least 6 nucleotides, 
preferably at least about 10-12 nucleotides, and more preferably at least about 15-20 
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5 

nucleotides corresponding to a region of the designated nucleotide sequence. 
"Corresponding" means identical to or complementary to the designated sequence. 

The oligonucleotide is not necessarily physically derived from any existing or 
natural sequence but may be generated in any manner, including chemical synthesis, 
5 DNA replication, revise transcription or a combination tiicreof. The terms 

"oligonucleotide" or "nucleic acid" intend a polynucleotide of genomic DNA or RNA, 
cDNA, scmisyntiietic, or synthetic origin which, by virtue of its origin or manipulation: 
(1) is not associated widi all or a portion of the polynucleotide with which it is 
associated in nature; and/or (2) is linked to a polynucleotide otiier tiian tfiat to which it is 
10 linked in nature; and (3) is not found in nature. 

Because mononucleotides arc reacted to make oligonucleotides in a manner such 
tiiat tiie 5' phosphate of one mononucleotide pentose ring is attached to die 3' oxygen 
of its nei^bor in one direction via a phosphodiester linkage, an end of an 
oligonucleotide is referred to as tfie "5" end" if its 5' phosphate is not linked to tiie 3' 
15 oxygen of a mononucleotide pentose ring and as die "3' end" if its 3' oxygen is not 
linked to a 5' phosphate of a subsequent mononucleotide pentose ring. As used herein, 
a nucleic acid sequence, even if internal to a larger oligonucleotide, also may be said to 
have 5' and 3* ends. 

When two different, non-overlapping oligonucleotides anneal to different 
20 regions of the same linear complementary nucleic acid sequence, and die 3* aid of one 
oligonucleotide points toward the 5' end of die odier. die former may be called die 
"upstream" oligonucleotide and die latter die "downsffeam" oligonucleotide. 

The term "primer" may refer to more than one primer and refers to an 
oligonucleotide, whetiier occurring naturally, as in a purified restriction digest, or 
25 produced syndietically, which is capable of acting as a point of mitiation of syndiesis 
along a complementary strand when placed under conditions in which syndiesis of a 
primer extension pnxiuct which is complementary to a nucleic acid strand is catalyzed. 
Such conditions include die presence of four different deoxyribonucleoside 
triphosphates and a polymerization-inducing agent such as DNA polymerase or reverse 
30 transcriptase, in a suitable buffer ("buffer" includes substituents which are cofaciors, or 
which affect pH, ionic strengdi, etc.), and at a suitable temperature. The primer is 
preferably single-stranded for maximum efficiency in anq)lificarion. 

The complement of a nucleic acid sequence as used herein refers to an 
oligonucleotide which, when aligned widi die nucleic acid sequence such uv^i die 5' end 
35 of one sequence is paired widi die 3' end of die odier, is in "antiparallel association." 
Certain bases not commonly found in natural nucleic adds may be included in the 
nucldc adds of die present invention and include, for example, inosine and 
7-deazaguanine. Complementarity need not be perfect; stable duplexes may contain 
mismatched base pairs or unmatched bases. Those skilled in die art of nucleic acid 



wo 92/02638 



PCr/US91/0S571 



technology can detennine duplex stabUity empirically considering a number of variables 
including, for example, the length of the oligonucleotide, base composition and 
sequence of the oligonucleotide, ionic strength, and incidence of mismatched base 
pairs. 

5 Stability of a nucleic acid duplex is measured by the melting temperature, or 

"Tm." The Tm of a particular nucleic acid duplex under specified conditions is the 

temperature at which half of the base pairs have disassociated 

As used herein, the term "target sequence" or "target nucleic acid sequence" 

refers to a region of the oligonucleotide which is to be eitiier amplified, detected or 
10 both. The target sequence resides between die two primer sequences used for 

anQ)lification. 

As used herein, die term "probe" refCTS to a labeled oligonucleotide which 
forms a duplex structure widi a sequence in die target nucleic add, due to 
complementarity of at least one sequence in die probe widi a sequence in the target 

15 region. The probe, preferably, does not contain a sequence complementary to 

sequence(s) used to prime the polymerase chain reaction. Generally die 3' terminus of 
the probe will be "blocked" to prohibit incorporation of the probe into a primer 
extension product "Blocking" can be achieved by using non-complementary bases or 
by adding a chemical moiety such as biotin or a phosphate group to the 3' hydroxyl of 

20 the last nucleotide, which may, depending upon the selected moiety, serve a dual 

purpose by also acting as a label for subsequent detection or capture of the nuddc arid 
attached to die labeL Blocking can also be achieved by removing die 3'-OH or by 
using a nucleotide that lacks a 3'-0H such as a dideoxynucleotide. 

The term "label" as used herein refers to any atom or molecule which can be 

25 used to provide a detectable (preferably quantifiable) signal, and which can be attached 
to a nucleic acid or protein. Labels may provide signals detectable by fluorescence, 
radioactivity, colorimetry, gravimetry. X-ray diffraction or absorption, magnetism, 
enzymatic activity, and the like. 

As defined herein, "5' V nuclease activity" or "5* to 3' nuclease activity" 

30 refers to diat activity of a template-specific nucldc arid polymerase including either a 
5' y expnuclease activity traditionally associated with some DNA polym^ases 
whereby nucleotides are removed fiom the 5' end of an oligonucleotide in a sequential 
manner, (Le., E. coli DNA polymerase I has diis activity whereas die Klenow fiagment 
does not), or a 5' -> 3' endonuclease activity wherein cleavage occurs more than one 

35 phosphodiester bond (nucleotide) from the 5' end, or both. 

The term "adjacent" as used herein refers to die positioning of die primer witii 
respect to the probe on its complraiKitary strand of die template nucldc arid. The 
primer and probe may be separated by 1 to about 20 nucleotides, more preferably, 
about 1 to 10 nucleotides, or may directiy abut one another, as may be desirable for 
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detection with a polymerization-independent process. Alternatively, for use in the 
polymerization-dependent process, as when the present method is used in the PGR 
amplification and detection methods as taught herein, the "adjacency" may be anywhere 
wiflun the sequence to be aniplified, anywhere downstream of a primer such that primer 
5 extension will position die polymerase so that cleavage of the probe occurs. 

As used herein, the term "thermostable nucleic acid polymerase" refers to an 
enzyme which is relatively stable to heat when conqjared, for example, to nucleotide 
polymerases from E. cqH and which catalyzes the polymerization of nucleoside 
triphosphates. Generally, the enzyme will initiate synthesis at the 3'-end of the primer 

10 annealed to the target sequence, and will proceed in the S'-direction aicmg the template, 
and if possessing a S' to 3* nuclease activity, hydrolyzing intervening, annealed probe 
to release both labeled and unlabeled probe fragments, until synthesis t^minates. A 
representative thermostable enzyme isolated from Thermus aquaticus (Tag) is described 
in U.S. Patent No. 4,889,8 1 8 and a metiiod for using it in conventional PGR is 

15 described in Saiki st al., 1988. Science 239 :487. 

laQ DNA polymerase has a DNA syntiiesis-dependent, strand replacement 
5-3* exonuclease activity (see Gelfand. "Taq DNA Polymerase" in PGR Technology: 
Principlgs APDlicarions f or DNA Amplification. ErUch, Ed., Stockton Press, N.Y. 
(1989), Ouster 2). In solution, diere is litde, if any, degradation of labeled 

20 oligonucleotides. 

The practice of the present invention will employ, unless otherwise indicated, 
conventional techniques of molecular biology, microbiology and recombinant DNA 
techniques, which are within the skill of the art. Such techniques are explained fully in 
die literature. Ssfe. Sig^, Sambrook, Ritsch & Maniaris, Molecular Cloning: A 

25 Ubgratpry Mftn\i^, Second Edition (1989); Oligonucleotide Synthesis (M.J. Gait, ed.. 
1984); Nucleic Acid Hvbridizarion (B.D. Hames & S.J. Higgins, eds., 1984); A 
Practical Guide to Molecular Clnninp (B. Perbal, 1984); and a series, Methods in 
EnzvmolQgy (Academic Press, Inc.)- All patents, patent applications, and publications 
mentioned herein, botii SMSH and iafja> arc hereby incorporated by reference. 

30 The various aspects of the invention are based on a special property of nucleic 

acid polymerases. Nucleic acid polymerases can possess several activities, among 
them, a 5' to 3' nuclease activity whereby the nucleic acid polymerase can cleave 
mononucleotides or small oligonucleotides from an oligonucleotide annealed to its 
larger, complementary polynucleotide. In order for cleavage to occur efficientiy, an 

35 upstream oligonucleotide must also be annealed to ±z same larger polynucleotide. 

The 3' end of this upstream oligonucleotide provides the initial binding site for 
the nucleic add polymerase. As soon as die bound polymerase encounters die 5' end 
of the downsQ:eam oligonucleotide, the polymoase can cleave mononucleotides or 
small oligonucleotides therefrom. 
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The two oligonucleotides can be designed such that they anneal in close 
proximity on the complementary target nucleic acid such that binding of the nucleic acid 
polymerase to the 3' end of the upstream oligonucleotide automatically puts it in contact 
with the 5' end of the downstream oligonucleotide. This process, because 

5 polymerization is not required to bring tiie nucleic add polymwase into position to 
accomplish tiie cleavage* is called ''polymerization-independent cleavage." 

AltOTiatively, if die two oligonucleotides anneal to more distanfly spaced 
regions of the template nucleic acid target, polymerization must occur before the nucleic 
acid polymerase encounters the 5* end of tiie downstream oligonucleotide. As the 

10 polymerization continues, tiie polymerase progressively cleaves mononucleotides or 
small oligonucleotides from die 5* end of die downstream oligonucleotide. This 
cleaving continues until tiie remainder of tiie downstream oligonucleotide has been 
destabilized to tiie extent that it dissociates from die template molecule. This process is 
called "'polymerization-dependent cleavage." 

15 In tiie present invention, a label is attached to die downstream oligonucleotide. 

Thus, tiie cleaved mononucleotides or small oligonucleotides which are cleaved by tiie 
5-3* nuclease activity of tiie polymerase can be detected. 

Subsequentiy, any of several strategies may be employed to distinguish tiie 
uncleaved labeled oligonucleotide ftom the cleaved fragments thereof. In this manner^ 

20 tiie present invention penrrits identification of those nucleic acid samples which contain 
sequences con^lementary to tiic upstream and downstream oligonucleotides. 

The present invention exploits tins 5* to 3' nuclease activity of tiie polymerase 
when used in conjunction witii PGR. This differs from previously described PGR 
aiiq)lification wherein tiie post-PCR amplified target oligonucleotides are detected, for 

25 example, by hybridization witii a probe which forms a stable duplex witii that of tiie 
target sequence under stringent to moderately stringent hybridization and wash 
conditions. In contrast to those known detection methods used in post-PCR 
an5)Iifications, the present invration pemoits the detection of the target nucleic acid 
sequences during aniplification of tiiis target nucleic add. In the present invention, a 

30 labeled oligonucleotide is added concomitandy wifli the primer at die start of PGR, and 
flie signal generated from hydrolysis of tiie labeled nucleotide(s) of the probe provides 
a means for detection of the target sequence during its amplification. 

The present invention is corrqiatible, however, witii other amplification 
systems, such as the transcription amplification system, in which one of the PGR 

35 primers encodes a promoter tiiat is used to make RNA copies of tiie target sequence. In 
similar fashion, the present invention can be used in a self-sustained sequence 
replication (3SR) system, in which a variety of enzymes are used to make RNA 
transcripts that are then used to make DNA copies, all at a single temperature. By 
incorporating a polymerase witii 5' -> 3' exonuclease activity into a ligase chain 
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reaction (LCR) sys^m, together with appropriate oligonucleotides, one can also 
employ the present invention to detect LCR products. 

Of course, the present invmtion can be applied to systems that do not involve 
amplification. In fact, the present invention does not evoi require that polymerization 
5 occur. One advantage of the polymerization-independent process lies in the elimination 
of the need for amplification of the target sequence. In the absence of primer extension, 
the target nucleic acid is substantially single-stranded. Provided the primer and labeled 
oligonucleotide are adjacently bound to the target nucleic acid, sequential rounds of 
oligonucleotide annealing and cleavage of labeled fragments can occur. Thus, a 

10 sufficient anoount of labeled fragments can be generated, making detection possible in 
the absence of polymerization. As would be appreciated by those skilled in the art, the 
signal generated during PGR amplification could be augmented by this 
polymerization-independent activity. 

In either process described herein, a sample is provided which is suspected of 

15 containing the particular oligonucleotide sequence of interest, the "target nucleic acid". 
. The target nucleic acid contained in the sample may be first reverse transcribed into 
cDNA, if necessary, and then denatured, using any suitable denaturing method, 
including physical, chemical, or enzymatic means, which are known to those of skill in 
tiie art A preferred physical means for strand separation involves heating the nucleic 

20 add until it is CQnq)letely(>99%) denatured. Typical heat denaturation involves 
temperatures ranging bom about 80'C to about 10S*C, for times ranging from a few 
seconds to minutes. As an alternative to denaturation, the target nucleic acid may exist 
in a single-stranded form in tiie sample, such as, for example, single-stranded RNA or 
DNA viruses, 

25 The denatured nucleic acid strands are then incubated with preselected 

oligonucleotide primers and labeled oligonucleotide (also referred to herein as "probe") 
under hybridization conditions, conditions which enable the binding of the primers and 
probes to the single nucleic acid strands. As known in the art, the primers are selected 
so that tiieir relative positions along a duplex sequence are such tiiat an extension 

30 product synthesized fiom one primer, when the extension {mluct is separated from its 
template (complement), serves as a template for the extension of the otiier primer to 
yield a replicate chain of defined length. 

Because the complementary sr onds are longer than either the probe or primer, 
the strands have nK)re points of coni^i :i and thus a greater chance of finding each other 

35 over any given period of time. A high molar excess of probe, plus the primer, helps tip 
the balance toward primer aind probe annealing ratiier than t^nplate reaimealing. 

The primer must be sufficiendy long to prime the synthesis of extension 
products in the presence of the agent for polymerization. The exact length and 
composition of the primer will depend on many factors, including temperature of the 
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10 

annealing reaction, source and composition of the primer, proximity of the probe 
annealing site to the primer annealing site, and ratio oif primenprobe concentration. For 
example, depending on the complexity of the target sequence, the oligonucleotide 
primer Q^ically contains about 15-30 nucleotides, although a primer may contain more 
5 or fewer nucleotides. The primers must be sufGdently complementaxy to anneal to 
their respective strands selectively and form stable duplexes. 

The primers used herein are selected to be "substantially" con5)lementary to the 
different strands of each specific sequence to be amplified The primes need not 
reflect the exact sequence of die template, but must be sufficientiy complementary to 

10 hybridize selectively to their respective strands. Non-complementary bases or longer 
sequences can be interspersed into the primer or located at the ends of die primer, 
provided the primer retains sufficient complementarity with a template strand to fom:! a 
stable duplex therewith. The non-complementary nucleotide sequences of the primers 
may include restriction enzyme sites. 

15 In the practice of die invention, the labeled oligonucleotide probe must be first 

annealed to a complementary nucleic acid before the nucleic acid polymerase encounters 
this duplex region, diereby permitting the. 5' to 3' nuclease activity to cleave and release 
labeled oligonucleotide fragments. 

To enhance die likelihood tiiat die labeled oligonucleotide will have annealed to 

20 a complCTientary nucleic acid before {nimer extension polymerization reaches diis 

duplex region, or before the polym^ase attaches to the upstream oligonucleotide in the 
polymerization-independent process, a variety of techniques may be employed. For the 
polymerization-dependent process, one can position the probe so that the 5*-ead of the 
probe is relatively far firom the 3*-end of the primer, thereby giving the probe more time 

25 to anneal before primer extension blocks the probe binding site. Short primer 
molecules generally require lower temperatures to form sufficientiy stable hybrid 
complexes widi the target nucleic acid. Therefore, the labeled oligonucleotide can be 
designed to be longer than the primer so that die labeled oligonucleotide anneals 
preferentially to the target at higher teaq)eratures relative to prim^ annealing. 

30 One can also use primers and labeled oligonucleotides having differential 

thermal stability. For exanq)le, the nucleotide composition of the labded 
oligonucleotide can be chosen to have greater G/C content and, consequentiy, greater 
thermal stability than the primer. In similar fashion, one can incorporate modified 
nucleotides into the probe, which modified nucleotides contain base analogs diat form 

35 more stable base pairs than the bases that are typically present in naturally occuning 
nucleic acids. 

Modifications of the probe that may facilitate probe binding prior to primer 
binding to maximize the efficiency of the present assay include the incoiporation of 
positively chaiged or neutral phosphodiester linkages in the probe to decrease the 
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repulsion of the polyanionic backbones of the probe and target (see Letsinger at al., 
1988, 1 Ama. Olfim. SOC. Ilfi:4470); the incorporation of alkylated or halogenated 
bases, such as S-bromouridine, in the probe to increase base stocking; the incorporation 
of ribonucleotides into the probe to force the probe:target duplex into an "A" structure. 
5 which has increased base stacking; and ±e substimtion of 2,6-diaminopurine (amino 
adenosine) for some or all of the adenosines in the probe. In preparing such modified 
probes of the invention, one should recognize that the rate limiting step of duplex 
formation is "nucleation," the formation of a single base pair, and therefore, altering the 
biophysical characteristic of a portion of die probe, for instance, only die 3' or 5* 
10 tcnninal portion, can suffice to achieve the desired result In addition, because die 3 ' 
terminal portion of die probe (die 3' terminal 8 to 12 nucleotides) dissociates following 
exonuclcase degradation of die 5' terminus by die polymerase, modifications of die 3* 
terminus can be made widiout concern about interference widi polymerase/nuclease 
activity. 

15 The diermocycling parameters can also be varied to take advantage of die 

differential diermal stability of die labeled oligonucleotide and primer. For example, 
following die denaturation step in diermocycling, an intermediate temperature may be 
introduced which is permissible for labeled oligonucleotide binding but not primer 
binding, and tiien the temperature is fiirdicr reduced to permit prrniCT annealing and 

20 extension. One shouU note, however, that probe cleavage need only occur in later 
cycles of die PGR process for suitable results. Thus, one could set up die reaction 
mixture so tiiat even diough primers initially Wnd preferentially to probes, primer 
concentration is reduced duough primer extension so dial, in later cycles, probes bind 
preferentially to primers. 

25 To favor binding of die labeled oligonucleotide before die primer, a high molar 

excess of labeled oligonucleotide to primer concentration can also be used In tiiis 
embodiment, labeled oligonucleotide concentrations are typically in die range of about 2 
to 20 times higher dian die respective primer concentration, which is generally 
0.5 - 5 X 10-7 M. Those of skill recognize diat oligonucleotide concentration, lengdi, 

30 and base composition are each important factors tiiat affect die T^ of any particular 

oligonucleotide in a reaction mixture. Each of dicse factors can be manipulated to create 
a diermodynamic bias to favor probe annealing over primer annealing. 

The oligonucleotide primers and labeled oligonucleotides may be prepared by 
any suitable mediod Mediods for preparing oligonucleotides of specific sequence are 

35 known in die art, and include, for example, cloning and restriction of appropriate 

sequences and dnect chemical syndiesis. Chemical syndiesis mediods may include, for 
example, die phosphotriester mediod described by Narang si fll., 1979, Mediods in 
gp^0}9gy^:90, die phosphodiester mediod disclosed by Brown fit 1979, 
MgthodsmPnSYmplPgy 109, die diediylphosphoramidate mediod disclosed in 



wo 92/02638 



PCr/US91/05S71 



12 

Beaucage et. al., 1981, Tetrahedron Letters 22: 1859. and the solid support method 

disclosed in U.S. Patent No. 4,458,066. 

The composition of the labeled oligonucleotide can be designed to favor 

nuclease activity over strand displacement (mono- and dinucleotide fragments over 
5 oligonucleotides) by means of choice of sequences that arc GC-rich or that avoid 

sequential A's and T's and by chdce of label position in the probe. In the presence of 

AT-rich sequences in the 5* complementary probe region, cleavage occurs aft^ the 

approximately fourth, fifth or sixth nucleotide. However, in a GC-rich 5' 

complementary probe region, cleavage generally occurs after the first or second 
10 nucleotide. Alternatively, the incorporation of modified phosphodiester linkages (e.g., 

phosphorothioate or methylphosphonates) in the labeled probe during chemical 

syntiiesis (Noble et d., 1984, Nuc Acids Res 12:3387-3403; Iyer et al-, 1990, J. Am. 

Chem, Soc , 112:1253-1254) may be used to prevent cleavage at a selected site. 

Depending on the length of the probe, the conq)osition of the 5' complementary region 
15 of the probe, and the position of die label, one can design a piobe to favor preferentially 

the generation of shOTt or long labeled probe fragments for use in the practice of the 

invention. 

The oligonucleotide is labeled, as described below, by incorporating moieties 
detectable by spectroscopic, photochemical, biochemical, immunochemical,. or chemical 
20 means. The method of linking or conjugating die label to the oligonucleotide probe 
depends, of course, on the type of label(s) used and the position of the label on die 
probe. 

A variety of labels that would be appropriate for use in the invention, as well as 
methods for their inclusion in the probe, arc known in the art and include, but arc not 

25 limited to, enzymes (e.g., alkaline phosphatase and horseradish peroxidase) and 
enzyme substrates, radioactive atoms, fluorescent dyes, chromophores, 
chemiluminescent labels, electrochemiluminescent labels, such as Origen'*' (Igen), 
ligands having specific binding partners, or any other labels that may int^act with each 
other to enhance, alter, or diminish a signal Of course, should the PCSi be practiced 

30 using a thermal cycler instrument, die label must be able to survive die temperature 
cycling required in this automated process. 

Among radioactive atoms, 32p is preferred. Mediods for introducing 32p into 
nucleic acids arc known in die art, and include, for exanaple, 5* labeling with a kinase, 
or random insertion by nick translation. Enzjrmes are typically detected by their 

35 activity. "Specific binding partner*' refers to a protein capable of binding a ligand 
molecule with high specificity, as for example in the case of an antigen and a 
monoclonal antibody specific dierefOT. OthCT specific binding parmers include biotin 
and avidin or streptavidin, IgG and protein A, and the numerous receptor-ligand 
couples known in the art The above description is not meant to categorize the various 
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labels into distinct classes, as the sanie label may serve in several different modes. For 
example, i25i may serve as a radioactive label or as an electron-dense reagent HRP 
may serve as enzyme or as antigen for a monoclonal antibody. Further, one may 
combine various labels for desired effect For example, <Mie might label a probe with 
5 biotin, and detect the presence of the probe with avidin labeled with i^q, or with an 
anti-biotin monoclonal antibody labeled with HRP. Other permutations and 
possibilities will be readily apparent to tiiose of ordinary skill in the art and are 
considoed as equivalents within the scope of the instant invention. 

Fluorophores for use as labels in constructing labeled probes of the invention 

10 include rhodaminc and derivatives, such as Texas Red, fluorescein and derivatives, 
such as S-bronjomethyl fluorescein, Lucifer Yellow, lAEDANS, 7-Me2N-coumarin-4- 
acetate, 7-OH-4-CH3-coumarin-3-acetate, 7-NH2-4-CH3-coumarin-3-acetate (AMCA), 
monobromobimane, pyrene trisulfonates, such as Cascade Blue, and 
monohromotrimethyl-ammoniobimane. In general, fluorophores witii wide Stokes 

15 shifts are preferred, to allow using fluorimeters with filters rather than a 
mohochromometer and to increase the efficiency of detection. 

In some situations, one can use two interactive labels on a single 
oligonucleotide with due consideration given for maintaining an appropriate spacing of 
the labds on die oligonucleotide to permit the separation of the labels during 

20 oligonucleotide hydrolysis. Rhodaminc and crystal violet arc preferred interactive 
labels. 

In anotfier embodiment of the invention, detection of the hydrolyzed labeled 
probe can be accomplished using, for example, fluorescence polarization, a technique 
to differentiate between large and small molecules based on molecular tumbling. Large 

25 molecules (e.g., intact labeled probe) tumble in solution much more slowly tiian small 
molecules. Upon linkage of a fluorescent moiety to the molecule of interest (e.g., die 
5' end of a labeled probe), tiiis fluorescent moiety can be measured (and differentiated) 
based on molecular tumbling, thus differentiating between intact and digested probe. 
Detection may be measured directf y during PGR or may be perfiMmed post PGR. 

30 In yet another embodiment, two labelled oligonucleotides are used, each 

complementary to separate regions of separate strands of a double-stranded target 
region, but not to each other, so tiiat an oligonucleotide anneals downstream of each 
primer. For example, die presence of two probes c^ potentiaUy double the intensity of 
the signal generated &om a single label and may funher serve to reduce product strand 

35 reannealing, as often occurs during PGR amplification. The probes are selected so that 
the probes bind at positions adjacent (downstream) to die positions at which primers 
bind. 

One can also use multiple probes in the present invention to achieve other 
benefits. For instance, one could test for any number of pathogens in a sample simply 
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by putting as many probes as desired into the reaction mixture; the probes could each 
comprise a different label to' facilitate detection. 

One can also achieve allele-specific or species-specific (i.e., specific for the 
different species of Borrelia, the causative agent of Lyme disease) discrimination using 
5 multiple probes in the present invention, for instance, by using probes that have 
different TnS and conducting the annealin^cleavage reaction at a traiperature specific 
for only one probo/allele duplex. For instance, one can choose a primer pair that 
amplifies both HTLVI and HTLVII and use two probes, each labeled uniquely and 
specific for either HTLVI or HTLVII. One can also achieve allele specific 

10 discrimination by using only a single probe and examining the types of cleavage 

products generated In this embodiment of the invention, the probe is designed to be 
exacdy complementary, at least in the 5' terminal region, to one allele but hot to the 
other allele(s). With respect to ±e otiier allele(s), the probe will be mismatched in die 
5* terminal region of die probe so tiiat a differait cleavage produa will be generated as 

15 compared to die cleavage product generated when the probe is hybridized tt> die exacdy 
complementary allele. 

Although probe sequence can be selected to achieve important benefits, one can 
also realize important advantages by selection of probe label(s). The labels may be 
attached to the oligonucleotide direcdy or indirecdy by a variety of techniques. 

20 Depending on the precise type of label used, die label can be located at the 5* or 3* end 
of die probe, located internally in die probe, or attached to spacer aims of various sizes 
and compositions to facilitate signal interactions. Using commercially available 
phosphoramidite reagents, one can produce oligomers containing functional groups 
(e,g., thiols or primary amines) at eidier die 5* or the 3* tenminus via an appropriately 

25 protected phosphoramidite, and can label them using protocols described in, for 
example, PGR Protocols: A Guide to Methods and Applications (Innis ej al., eds. 
Academic Press, Inc., 1990). 

Metiiods for introducing oligonucleotide fimctionalizing reagents to introduce 
one or more sulfliydiyl, amino or hydroxyl moieties into the oligonucleotide {nx>be 

30 sequence, typically at the 5' terminus, are described in U.S. Patent No. 4,914,210. A 
5' phosphate group can be introduced as a radioisotope by using polynucleotide kinase 
and gamma-32p.ATP to provide a reporter group. Biotin can be added to the 5* end by 
reacting an aminodiymidine residue, or a 6-amino hexyl residue, introduced during 
synthesis^ with an N-hydiroxysuccinimide ester of biotin. Labels at the 3' terminus 

35 may en5)loy polynucleotide terminal transferase to add the desired moiety, such as for 
example, cordycepin 35S-dATP, and biotinylated dUTP. 

Oligonucleotide derivatives are also available labels. For exanq)le, edieno-dA 
and edieno-A are known fluorescrat adenine nucleotides that can be incorporated into 
an oligonucleotide probe. Similariy, edieno-dC or 2-amino purine deoxyriboside is 
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another analog that could be used in probe synthesis. The probes containing such 
nucleotide derivatives may be hydrolyzed to release much more strongly fluorescent 
mononucleoddes by the 5' to 3* nuclease activity as DNA polymerase extends a primer 
during PGR. 

S Template-dependent extension of the oligonucleotide primer(s) is catalyzed by a 

polymerizing agent in the presence of adequate amounts of the four 
deoxyribonucleoside triphosphates (dATP, dGTP, dCTP, and dTTP) or analogs as 
discussed above, in a reaction medium comprised of the appropriate salts, metal 
cations, and pH buffering system. Suitable polymerizing agents arc enzynies known to 
10 catalyze primer- and template-dependent DNA synthesis and possess die 5' to 3' 
nuclease activity. Known DNA polymerases include, for example, E* £di DNA 
polymerase I, Ib^nM thermophilus CE^ DNA polymerase, BaciUus 
SftPPthgnnPBbilaS DNA polymo^se, Thermococcus litoralis DNA polymerase, and 
Thermus aquaricus (Jssj) DNA polymerase. The reaction conditions for catalyzing 
15 DNA synthesis with these DNA polymerases are well known in the art. To be useful in 
the present invention, tiie polymerizing agent must efificiendy cleave the oligonucleotide 
and release labeled fragments so tiiat die signal is directiy or indnectly generated. 

The products of the synthesis are duplex molecules consisting of the template 
strands and the primer extension sffands, which include the target sequence. 
20 Byproducts of this synthesis are labeled oligonucleotide fragments diat consist of a 
mixture of nK)no-, di- and laiger nucleotide fragments. Repeated cycles of 
denaturation, labeled oligonucleotide and primer annealing, and primer extension and 
cleavage of the labeled oligonucleotide result in the exponential accumulation of the 
target region defined by the primers and the e)q)onential generation of labeled 
25 fragments. SufiBcient cycles are run to achieve a detectable species of label, which can 
be several orders of magnitude greater than background signal, altiiough in common 
practice such high ratios of signal to noise may not be achieved or desired. 

In a preferred method, the PGR process is carried out as an automated process 
that utilizes a thermostable enzyme. In tins process the reaction mixture is cycled 
30 through a denaturing step, a probe and primer annealing step, and a synthesis step, 
whereby cleavage and displacement occurs simultaneously with primer-dependent 
template extension. A DNA tiiamal cycler, such as the commercially available 
machine from Perkin-Elmer Cetus Instruments, which is specifically designed for use 
with a thermostable enzyme, may be employed 
35 Tenq^erature stable polymerases are preferred in this automated process, 

because die preferred way of denamring die double stranded extension products is by 
exposing diem to a high temperature (about 95*C) during die PGR cycle. For example, 
U.S. Patent No. 4,889,818 discloses a representative diermostable enzyme isolated 
fromThenmus aquaricus. Additional representative temperature stable polymerases 
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include, e.g.,, polymerases extracted from the thermostable bacteria Thermus flaviis, 
Thermus ruber. Thermus thermophilus. BaciUus stcarp themiophilus (which has a 
somewhat lower temperature optimum dian the others listed), Thermus lacteys, 
ThftrmusTtihens- Thermntnpa maritima. Thermncnccus litoralis, and Metfianothcrmus 

5 fcrvidys- 

Detection or verification of the labeled oligonucleotide fragments may be 
accomplished by a variety of mediods and may be dependent on the source of the label 
or labels employed. One convenient embodiment of die invention is to subject the 
reaction prx)ducts, including the cleaved labeled fragments, to size analysis. Methods 

10 for deterniining the size of the labeled nucleic acid fragments are known in die art, and 
include, for example, gel electrophoresis, sedimentation in gradients, gel exclusion 
chromatography and homochromatography. 

During or after amplification, separation of the labeled fragments from the PGR 
mixture can be accomplished by, for example, contacting the PGR nuxture with a solid 

15 phase extractant (SPE). For example, materials having an ability to bind 

oligonucleotides on the basis of size, charge, or interaction witii the oligonucleotide 
bases can be added to the PGR mixture, under conditions where labeled, uncleaved 
oligonucleotides are bound and short, labeled fragments are not Such SPE materials 
include ion exchange resins or beads, such as the commercially available binding 

20 particles Nwisorb (DuPont Chemical Co.), Nucleogen (The Nest Group), PEI, 
BakerBond^ PEI, Amicon PAE 1,000, Selectacel™ PEI, Boronate SPE with a 3'- 
ribose probe, SPE containing sequences complementary to the 3'-end of the probe, and 
hydroxylapatite. In a specific embodiment, if a dual labeled oligonucleotide comprising 
a y biotin label separated from a 5' label by a nuclease susceptible cleavage site is 

25 employed as tiie signal means, die PGR amplified nuxture can be contacted with 
matoials containing a specific binding partner such as avidin or streptavidin, or an 
antibody or monoclonal antibody to biotin. Such materials can include beads and 
particles coated with specific binding partus and can also include magnetic particles. 
Following die step in which tiie PGR mixture has been contacted wifli an SPE, 

30 the SPE material can be removed by filtration, sedimentation, or magnetic attraction, 
leaving the-labded firagments fiee of uncleaved labeled oligonucleotides and available 
for detection. 

Reagents employed in the methods of the invention can be packaged into 
diagnostic kits. Diagnostic kits include the labeled oligonucleotides and the primers in 
35 separate containers. If the oligonucleotide is unlabeled, the specific labeling reagents 
may also be included in die kit The kit may also contain otiier suitably packajed 
reagents and materials needed for amplification, for example, buffers, dNTPs, and/or 
polymerizing means, and for detection analysis, for example, mzymes and solid phase 
extractants, as well as instmctions for conducting the assay. 
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The examples presented below arc intended to be illustrative of the various 
methods and compounds of the invention. 

PCR Probe Label Releasft 
5 A PGR amplification was performed which liberated die 5' 32P-labelcd end of a 

complementary probe when specific intended product was synthesized. 

A. Labeling of probe with gamma-32p-ATP and polynucleotide kinase 

Ten pmol of each probe (BW31, BW33, BW35, sequences provided below) 
were individually mixed with fifteen units of T4 polynucleotide kinase (New England 

10 Biolabs).and 15.3 pmol of gamma-32P-ATP (New England Nuclear, 30CX) Ci/mmol) in 
a 50 ul reaction volume containing 50 mM Tris-HQ, pH 7.5, 10 mM MgCla. 5 mM 
dithiothrcitol. 0.1 mM spermidine and 0.1 mM EDTA for 60 minutes at 37**C The total 
volume was then phenol/chloroform extracted, and edianol precipitated as described by 
Sambrook ct al.. Molecular Cloning . SftrnnH FHirinn n QftQ^ Probes were 

15 rcsuspended in 100 |il of TE buffer and run over a Sephadex G-50 spin dialysis 
column to remove unincorporated gamma-32p-ATP as taught in Sambrook £t al., 
^msa. TCA precipitation of the reaction products indicated die following specific 
activities: 

BW31: 1.98 x 106 cpn^/pmol 
20 BW33: 2.54 x 10^ cpnVpmol 

BW35: 1.77 X 106 cpm/pmol 
Final concenttarion of all three probes was 0. 10 pmol/jil. 

B. Amplification 

The amplified region was a 350 base pair product from the bacteriophage 
25 M13mplOw directed by primers BW36 and BW42. The region of each numbered 
primCT sequence designated herein, follows standard M13 nucleotide sequence usage. 
SEQ ID NO: 1 BW36 = 5' 5241-5268 3* 

5-CCX3ATAGTTTGAGTTCTTCrACrCAGGC-3' 
SEQ ID NO: 2 BW42= 5' 5591-5562 3' 

30 5'-GAAGAAAGCGAAAGGAGCGGGCGCTAGGGC"3' 
Three different probes were used; each contained the 30 base exactiy 
complementary sequence to M13mplOw but differed in the lengtiis of 
non-complementary 5' tail regions. Probes were synthesized to have a 3'-P04 instead 
of a 3'-0H to block any extension by JsQ polymerase. 
35 SEQ ID NO: 3 BW31 = 5' 5541-5512 3* 

5*-*CGCTGCGCGTAACCACCACACCCGCCGCGCX-3' 
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SEQIDN0:4 BW33= 5' 5541-5512 3' 

5'-*gatCGCTGCGCGTAACCACCACACCCGCCGCCGCGCX-3' 

SEQIDNO: 5 BW35 = 5' 5541-5512 3' 

y-*cgtcaccgat(X3CnX3CGCGTAACCACCACACCCGCCGC^ 

5 X = 3 -phosphate 

a,t,g,c, = bases non-complementary to template strand 
* =gamma32p-ATP label 

For amplification of the 350 bp fragment, 10-3 pmol of target M13mplOw 
sequence were added to a 50 |il reaction volume containing 50 mM KCl, 

10 10 mM Tris-HQ, pH 8.3, 3 mM MgCh, 10 pmol each of primers BW36 and BW42, 
200 ^M each of the four deoxyribonucleoside triphosphates, 1.25 units 3^ DNA 
polymerase, anddther 1, 10or20pmolofisotopically diluted probe BW31, BW33 or 
BW35, The amount of radiolabeled probe was hdd constant at 0.4 pmol per reaction 
anddilutedto 1.10 or 20 pmol with nonradioactive probe. T^polymerase was added 

15 at 4 \}1 per reaction ata3125 U/^il and diluted in 10 mM Tris-HCl, pH 8.0, 50 
mM KCl, 0.1 mM EDTA, 0.5% NP40, 0.5% Tween 20, and 500 ^ig/ml gelatin. 

A master reaction mix was made containing appropriate amounts of reaction 
buffer, nucleoside triphosphates, botii primers and enzyme. From this master mix 
aliquots were taken and to tiiem were added template and various concentrations of each 

20 probe. Ctontrol reactions consisted of adding aU reaction components except template, 
and all reaction components except probe. Each reaction mixture was overlayed with 
50 nl of miuCTal oil to prevent evaporation, microcentrif uged for 45 seconds, and then 
placed into a thenrial cyder. Reaction mbcnires were subjected to die following 
amplification scheme: 

25 Fifteen cycles: 96°C denaturation, 1 min 

60°C anneal/extension, L5 min 
One cycle: 96° C denaniration, 1 min 

60° C anneal/extension. 5.5 min 
After cycling, the mineral oil was extracted witii 50 ^il of chloroform, die mixtures were 

30 stored at 4°C, and the following tests were performed. 

C. Analysis 

For aaylamide gel analysis, 4 ^1 of each amplification reaction were mixed witii 
3 jil of 5X gel loading mix (0. 125% bromophenol blue, 12.5% FicoU 400 in H2O) and 
loaded onto a 4% acrylamide gel (10 ml of lOX TBE buffer, 1 ml of 10% anmionium 
35 persulfate, 10 ml of 40% Bis Acrylamide 19:1, 50 ^1 of TEMED, and 79 ml of H2O) in 
IX TBE buffer (0.089 M Tris, 0.089 M boric add, and 2 mM EDTA) and 
dectrophoresed for 90 minutes at 200 volts. After staining with ethidium bromide, 
DNA was visualized by UV fluorescence. 
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The results showed that the presence of each of these three probes at the various 
concentrations had no effect on the amount of amplified product generated. Sample 
lanes containing no probe showed discrete high intensity 350 base pair bands 
corresponding to the desired sequence. All lanes containing probe showed the same, as 
S well as a few faint bands at slighdy higher molecular weight Control lanes without 
template added showed no bands whatsoever at 350 bases, only lower intensiQ^ bands 
representing primer at 30-40 bases. 

After photographing, the gel was transferred onto Whatman paper, covered 
with Saran Wrap and autoradiographed. An overnight exposure revealed that 90-95% 
10 of the radiolabel was near the bottom of the gel, where probe or partially degraded 
probe would run. 

For the denaturing gel analysis, 2 (il of each amplification reaction were mixed 
with 2 ^1 of formamide loading buffer (0.2 ml of 0.5 M EDTA pH 8, 10 mg of 
bromophenol blue, 10 mg of xylene cyanol, and 10 ml of formamide), then heated to 
15 96°C for 3-5 min and placed on ice. Samples were loaded onto a 6.2% denaturing 
gradient polyacrylamide gel (7 M urea with both a sucrose and a buffer gradient) 
according to the procedure of Sambrook £l al., supra . The gel was electrophorescd for 
90 minutes at 2000 V, 45 W, tiien transferred onto Whatman paper and 
autoradiographed. 

20 Results from the denaturing gel indicated that about 50% of each probe was 

degraded into smaller labeled fragments. Approximately 50%-60% of the coiuits lie in 
the 30-40 base range, corresponding to undergraded probe. A very faint band is visible 
at 300 bases for all the amplification reactions, suggesting that a very small percentage 
of the probes have lost, or never had, a 3 -PO4 group and have been extended. The 

25 remainder of the counts are in the range of zero to fifteen bases. The resolution on such 
. a gel does not reveal the exact size of products, which can be better detennined by 
homochromatography analysis. 

For a homochromatography analysis, 1 |xl of each sample was spotted L2 cm 
apart onto a Polygram CEL 300 DEAE 20 x 20 cm cellulose dun layer plate, which was 

30 pre-spotted with 5 ^1 of sheared herring sperm DNA (150 ^g/ml) and allowed to dry. 
After the sample was dried, the plate was placed in a trough with distilled H2O, and the 
water allowed to migrate just above the sample loading area. The plate was then placed 
in a glass development tank containing filtered Homo-mix III (Jay et al., 1979, Nuc. 
Aeid E£&- 1(3):33 1-353), a solution of partially hydrolized RNA containing 7 M urea, 

35 in a 70^C oven. The Homo-Mix was allowed to migrate by capillary action to the top of 
the plate, at which time the plate was removed, allowed to dry, covered witii Saran 
Wrap, and then autoradiographed. 

An overnight exposure of the homochromatography plate also indicated that 
about 40% of the probes were degraded into smaller fi:agmrats. These fragments were 



wo 92/02638 



20 



PCT/US91/05S71 



very specific in size, depending upon the length of the 5' non-complementary tail of 
each probe. Figure 1 shows an autoradiograph of the TLC plate. Probe BW31 (Lanes 
1-3), which was fully complementary to the M13mpl0w template, generated labeled 
fragments predominantly one to two bases long. Probe BW33, (Lanes 4-6), containing 
5 a S' 3 base non-complementaiy region, released products predominandy four to six 
bases long. BW3S (Lanes 7-9) had a S* 10 base non-con^lementary tail and released 
products predominantly 12 to 13 bases in length. Lanes 10-12 are control reactions 
containing either BW31, BW33 or BW35 and all PGR components except template 
after 15 cycles. During DNA synthesis, the enzyme displaced the first one or two 
10 paired bases encountered and then cut at that site, indicative of an endonuclease-like 
activity- The results show specific probe release coordinately with product 
accumulation in PGR. 

pxamplg2 

Specificity of Probe Label Release 
15 The specificity of labeled probe release was examined by performing a PGR 

amplification using bacteriophage lambda DNA and primers, and a series of 
non-complementary kinased probes. 

The region to be amplified was a 500 nucleotide region on bacteriophage 
lambda DNA team the GeneAmp® DNA An^Mcadon Reagent kit (Pokin-Elmer 
20 Getus), flanked by primers PGROl and PGR02, also frt)m the GeneAmp® DNA kit. 
SEQID NO: 6 PCROl = 5* 7131-7155 3' 

5*-GATGAGTTGGTGTGGGTAGAACrGG-3' 
SEQ ID NO: 7 PGR02 ^ 5' 7630-7606 3*; . 

5'-GGTrATGGAAATCAGGCAGAGGGGC-3' 
25 Aliquots of the same tiiree labeled probes BW31, BW33 and BW35 identified in 
Example t were used, all of which were entirely non-complementary to the target 
sequence. 

For amplification of die 500 Imse pair region, 0.5 ng of target lambda DNA 
sequence (control Template, Lot #3269, 1 ^gAnl, dilute 1:10 in 10 mM Tris-HQ pH 

30 8.0, 1 mM EDTA, and 10 mM NaQ for stock) were added to a 50 ^l reaction volume 
containing 50 mM KCl, 10 mM Tris-HGl, pH 8.3, 3 mM MgCh, 1 ^iM each of 
primers PCROl (Lot #3355) and PGR02 (Lot #3268), 200 ^iM each of four 
deoxynucleoside triphosphates, 1.25 units Tag DNA polymerase, and either 2, 10 or 
20 pmol of isotopically diluted probe BW31, BW33 or BW35- The amount of 

35 radiolabeled probe was held constant to 0.4 pmol per reaction and diluted to i . 10 or 
20 pmol with nonradioactive probe. DNA polymerase was added at 4 ^1 per 
reaction at 0.3 125 units/jU and dUuted in 10 mM Tris-HGl pH 8.0, 50 mM KQ, 
. 0. 1 mM EDTA, 0.5% NP40, 0.5% Twcen 20, and 500 Jig/ml gelatin. 
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The master reaction mix was made as previously taught, along with the control 
reactions minus probe or minus enzyme. The reaction mixtures were amplified 
following the cycling conditions set forth in Example IB and then analyzed as follows. 
For acxylamide gel analysis, 4 ^1 of each amplification reaction mixed with 3 [il of SX 
5 loading mix were loaded onto a 4% aciylamide gel in IX TBE buffer and 

electrophoresed for 90 minutes at 200 volts. After staining with ethidium bromide, 
DNA was visualized by UV fluorescence. 

The results show that the presence of any probe at any concentration has no 
effea on the amount of amplified prcxiuct generated Sample control lanes containing 
10 no probe, and all lanes containing probe, showed a discrete high intensity 500 base pair 
band corresponding to the desired sequence. Control lanes with no enzyme added did 
not show any product bands but only low intensity bands representing primer and 
probe of approximately 30-40 nucleotides. 

The homochromatography analysis provided in Rgure 2 shows an overnight 
15 exposure of the plate in which no degradation of the probes was observed. All of the 
counts were located at the point of origin, showing no release of labeled fi:agments. 
Lanes 1-3 are reactions containing probe BW31; Lanes 4-6 include probe BW33; 
Lanes 7-9 include probe BW35; and Lanes 10-12 are control reactions without 
template. The results show that die probe is not degraded unless specifically bound to 
20 target and is able to witiistand die PGR cycling conditions. 

In tiie denaturing gel analysis, 2 ^1 of each amplification reaction were mixed 
witii 2 ^1 of fcmnamide loading buffer (described in Exanq>le I) and placed on a heat 
block at 96^C for 3-5 min. Sanq)les were immediately placed on ice and loaded onto a 
6.2% denaturing gradient aciylamide gel and electrophoresed for 90 minutes at 
25 2000 volts. After electrophoresis, the gel was transferred onto Whatman paper, 
covered witii Saran Wrap, and autoradiographed. 

An overnight exposure revealed all of the counts in the 30-40 base pair range, 
corresponding to the sizes of the probes. Once again, there was no probe degradation 
apparmt, fiuth^ confirming tfiat probe must be specifically bound to template before 
30 any degradation can occur. 
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Example 3 

Specificity of Probe Label Release in the Presence of Genomic DNA 
In this example, the specificity of probe label release was examined by 
perfomiing a PGR amplification in the presence of degraded or non-degraded human 
5 gmomicDNA. 

The BW33 Idnased probe used in this experiment had a specific activity of 5.28 
X 106 cpm^mol determined by TCA precipitation following the Idnasing reaction. The 
region an^lified was the 350 base pair region of M13mp lOw, flanked by primers 
BW36 and BW42. Primer sequences and locations are listed in Example L Human 
10 genomic DNA was from cell line HL60 and was used undegraded or degraded by 
shearing in a french press to an average size of 800 base pairs. 

Each 50 ^1 amplification reaction consisted of 10-2 or 10-3 pmol of M13mpl0w 
target sequence, 1 |xg of either degraded or non-degraded HL60 genomic DNA added 
to amixture containing 50 mM KQ, 10 mM Tris HCl, pH 8.3, 3 mM MgCl2, 10 pmol 
15 each of primers BW36 and BW42, 200 ^iM each of four deoxyribonucleoside 

triphosphates, 1.25 units DNA polymerase and 10 pmol of isotopically diluted 
probe BW33. 

A master reaction mix was made containing appropriate amounts of reaction 
buffer, nucleoside triphosphates, primers, probe, and enzyme. Aliquots were made 
20 and to them was added M13mplOw ten5)late and/or genonuc DNA. Control reactions 
included all reaction conoponents except M13naplOw target DNA or all reaction 
components except genomic DNA. 

Each reaction mixture was overlayed with 50 (xl of mineral oil, 
microcentrifuged, and placed into a thermal cycler. Reaction mixtures were subjected 
25 to the following amplification scheme: 

For 10, 15 or 20 cycles: 96°C denaturation, 1 min 

60°C anneal/extension, 1.5 min 
Final cycle: 96°C denaturation, 1 ntin 

60°C anneal/extension, 5.5 min 
30 After cycling, die min^ oil was extracted using 50 ^1 of chloroform and sanq>les 
were stored at 4°C. Samples were subsequentiy analyzed by a 4% acrylanride gel 
elecux)phoresis, and homochromatography analysis. 

For the acrylamide gel analysis, 4 jil of each reaction nuxture were mixed with 
3 |il of 5X gel loading mix, loaded onto a 4% acrylamide gel in IX TBE buffer, and 
35 electrophoresed for 90 minutes at 220 volts. DNA was visualized by UV fluorescence 
after staining with ethidium bromide. 

In the lanes corresponding to control samples containing no M13mplOw target 
DNA, thore were no visible product bands, indicating the absence of any crossover 
contamination of M13mplOw. All subsequent lanes showed a band at 350 bases 
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carresponding to the expected sequence. The intensity of the band was greater when 
10-2 pmoi M13mplOw target DNA was present over 10-3 pmol in the absence or 
presrace of genomic DNA (degraded or undegraded). The product band intensity 
. increased with increasing number of amplification cycles. Twenty cycles produced a 
5 band with twice the intensity of diat seen at ^n cycles, and fifieen cycles generated a 
band of intOTnediate intensity. The amount of PGR product present varied with the 
amount of starting target template and the number of cycles, and the presence of 1 |ig of 
human genomic DNA, whether degraded or undegraded* showed no effect at all on this 
product formation. 

10 In the homochromatography analysis, 1 ^il of each reaction mixture was spotted 

onto a DEAE thin layer plate, and placed in a developing chamber containing 
Homo-Mix in at 70**C After 90 minutes, the plate was removed, allowed to dry, 
covered with Saran Wrap, and autoradiographed An overnight exposure is shown in 
Figure 3; in Figure 3A, Lanes 1 to 6 show PGR reaction cycles in the absence of 

IS M13mp lOw tenq)late DNA containing, alternately, degraded and undegraded HL60 
DNA at 10, 15, and 20 cycles; and Lanes 7-12 are duplicate loading control reactions 
containing M13mplOw template DNA without any human genomic DNA at 10, 15 and 
20 cycles. In Figure 3B, reactions are amplified over increasing 5 cycle increments 
starting at 10 cycles. The M13mplOw template DNA concentration in the reactions 

20 shown in Lanes 1, 2, 5, 6, 9, and 10 is 10-2 pmol, while in lanes 3, 4, 7, 8, 1 1, and 12 
is 10-3 pmol. The reactions shown in the odd numbo^ lanes from 1 through 1 1 
contain degraded human genomic DNA, and the even numbered lanes ccHitain 
non-degraded human genomic DNA. Labeled probe fragments were seen as two 
well-defined spots migrating at approximately 4 and 5 bases in length on the thin layer 

25 plate. As the starting tenriplate concentration increased and/or as the cycle number 

increased, the amount of released labeled probe fragments also increased The presence 
or absence of degraded or non-degraded human genomic DNA did not interfere with or 
enhance probe hybridization and degradation. 

The results show that increased amounts of released small probe fragments 

30 occur coordinately and simultaneously with specific product accumulation during the 
course of a PGR assay. The presence or absence of either a large amount of high 
complexity human genomic DNA or a large number of random DNA "ends" has no 
effect on specific product accumulation or degree of probe release. Finally, the 
presence of a large amount of high complexity hirnian genomic DNA does not lead to 

35 any detectable probe release in the absence of specif.^ product accumulation. 
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Example 4 
PTR with V T.aheled Probe 
A PGR amplification was performed which libeiaied a hybridized 3' 
radiolabeled probe into smaUo- fragments when die probe was annealed to template. 
5 The sequences of the probes were as follows: 
SEQIDNO:& DG46 = 5" 5541-5512-3' 

5'-CGCK}CGCGTAACCACCACACCCGCCGCGC-3^ 

SEQIDN0:9 BW32= 5' 5541-5512-3' 

5'-gatCGCK3CGCGTAACCACCACACCCGCCX3CGC-3' 

10 SEQIDNO: 10 BW34= 5" 5541-5512-3' 

5'-cgtcaccgatCGClXjCGCGTAACCACCACACCCGCCGCGC-3' 

A. Labeling of Probes with 32P-coidycq>in and terminal transferase 

Five pmol of each probe (DG46, BW32, and BW34) were individuafly nnxed 
witii 17.4 units of terminal transferase (Stratagene) and 10 pmol of [a-32P]-cordycepin 

15 (coidycepin: 3'-deoxyadenosine-5' triphosphate, New England Nuclear, 5000 

a/mmol, diluted 3X with ddATP [Pharmacia]) in a 17.5 |il reaction volume containing 
100 mM potassium cacodylate, 25 mM Tris-HQ, pH 7.6, ImM C0CI2. and 0.2 mM 
dithiothreitol for 60 minutes at 37*'C. Hie total volume was then phenol/chloroform 
extracted and ethanol precipitated. Probes were resuspended in 50 nl of TE buffor and 

20 run over a Sephadex G-50 spin dialysis cdmnn according to die procedure of 

g^mhmnir ftt al Molanilar Cloning , supra. The final concentration of probes was 0.1 
pmol/jiL TCA precipitation of the reaction products indicated the following specific 
activities: 

DG46: 2.13 x 106 q)m/pmol 

25 BW32: 1.78 x 106 cpm/pmol 

BW34: 5.02 X 106 cpm/pmol 
Denaturing gradient gel analysis comparison of tiie 3' radiolabeled probes to 5' kinased 
probes BW31, BW33 and BW35, show diat die 3' radiolabded probes ran in a similar 
fashion to the 5' radiolabeled probes. 

30 Once again, the region amplified was the 350 base region on M13n]pl0w 

defined by primers BW36 and BW42. Primer sequences and locations are listed in 
Exanqile 1. Each anqilification mixture was prepared adding 10-3 pmol of the target 
M13mplOw DNA to a 50 nl reaction volume containing 50 mM KCl, 10 mM Tris HQ, 
pH 8.3, 3 mM MgCla, 10 pmol each of primers BW36 and BW42, 200 ]iM each of 

35 four deoxynucleoside triphosphates, 1.25 units of DNA polymerase, and p-itfier 2, 
10, or 20 pmol of isotopicaUy dUuted probe DG46, BW32, or BW34. 

A master reaction mbc was made containing appropriate amounts of reaction 
buffer, nucleoside ttiphosphates, raaplate, and enzyme. Aliquots wae made and to 
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them was added the appropriate amount of primers and probes. Control reactions 
included all leaction components except primers, and all reacdon components except 
probe. 

Reacdon mixtures were overiaid widi 50 ^1 of mineral oil, microcentrifuged, 
5 and placed into a thermal cycler. The amplification scheme was as follows: 
Fifteen cycles: 96*C denaturation, 1 min 

60*C anneal/extension, 15 min 
Final cycle: 96*C denaturation, 1 min 

60°C anneal/extension, 5.5 min 
10 After cycling, the mineral oil was extracted using 50 fil of chlorofonn, and samples 
were stored at 4X. 

Samples were analyzed by a 4% aciylamide gel, an 8% denaturing gradient 
acrylamide gel, and by homochromatography. For all diree analyses, handling of 
reaction mixtures was as previously described. 
15 In the 4% aciylamide gel analysis, a sharp band corresponding to the desired 

product at 350 bases was visible in all of the reaction mixtures except control reactions 
minus primers. In all of the reaction mixtures containing both primers and probe, a 
second band was visible at approximately 300 bases. This second band became more 
intense with increasing probe concentration, and probably corresponded to probe which 
20 was eidier not eSidendy 3' radiolabeled or lost die 3' label, allowing probe extension 
and generating a product 

An overnight e)qK)sure of the 8% denaturing gradient acrylamide gel showed a 
distribution of products ranging from fiill size probe down to less than 15 bases with 
all tiirec probes being run. As would be expected, die 5-3* nuclease activity of Tag 
25 DNA polymerase degraded the probe to a point where die degraded probe dissociated 
from the template. 

The wide size distribution of products was illustrative of the continuously 
changing concentrations of reactants and temperature changes during PGR cycling. 
Such variations would lead to changes in annealing kinetics of probe and enzyme, 
30 allowing for probe to dissociate in a variety of sizes at different times in die cycling 
routine. 

The homochromatography plate revealed the smallest product to be about 10 to 
12 bases in length for all the probes examined. Since all three probes had identical 
sequence except at the 5' tail region, tiiis result shows that for this particular probe 
35 sequence at an anneal/extend temperature of 60°C die probe was degraded to about 10 
bases and then dissociated from die template. 
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Example 5 

Polymerization Independent 5'-3' Nuclease Activity of Tag DNA Polymerase 
Tag DNA polymerase was able to Hberate the 5' 32p.labeled end of a hybridized 
probe when positioned in proximity to that probe by an upstream primer. A series of 
5 primers was designed to lie ftom zero to twenty bases upstream of hybridized kinased 

probe BW33. These primers are shown bdow. 
BW37 SEQIDNO: 11 Delta-0 5' 5571-5542 3' 

5'-GCGCTAGGGCGCTGGCAAGTGTAGCGGTCA-3' 
BW38 SEQIDNO: 12 Delta-1 5' 5572-5543 3' 
10 5-GGCGCTAGGGCGCTGGCAAGTGTAGCGGTC-3' 
BW39 SEQIDNO: 13 Delta-2 5' 5573-5544 3' 

5-GGGCGCTAGGGCGCTGGCAAGTGTAGCXJGT-3' 

BW40 SEQIDNO: 14 Delta-5 5' 5576-5547 3' 

5'-AGCGGGCGCTAGGGCGCTGGCAAGTGTAGC-3' 

15 BW41 SEQIDNO: 15 Delta-10 5' 5581-5552 3' 

5'-AAAGGAGCGGGCGCTAGGGCGCTGGCAAGT-3' 

BW42 SEQIDNO: 16 Delta-20 5" 5591-5562 3" 

5'-GAAGAAAGCGAAAGGAGCGGGCGCTAGGGC-3' 
About 0.5 pmol of probe BW33 and 0.5 pmol of one of each of the primers 

20 wCTe annealed to 0.5 pmol M13mplOw in a 10.5 reaction volume containing 50 mM 
Kd, 10 mM Tris-HQ. pH 8.3. and 3 mM MgQ^ Ckmtrol reaction mixtures 
c(mtainedather20MMor200pMeachoffourdeaxynudeoside triphosphates. An 
additional primer, DG47, positicmed 530 bases iq)strcam from flie probe was used. 
DG47 SEQIDNO: 17 Delta-530 5' 6041-6012 3' 

25 5'-CGGCCAACGCGCGGGGAGAGGCGGTTTGCG-3' 

Reaction mixtures were heated to 98°C for 1 min and annealed at eCC for 30 min. 
Tubes wrae then microcoitrifuged and placed in a water bath at 70°C After ample time 
for reaction mixtures to equilibrate to temperamre, 10, 5, 2.5, 1.25, or 0.3125 units of 
Tag DNA polymraase were added, and 4 jil aliquois were ronoved at 2, 5, and 10 

30 ininutes. Enzyine was inactivated 1^ adding 4 fil of 10 iiiMEDTA to each aliquotand 
placing at 4°C Reaction mixtures were examined by homochromarography analyas. 

In die homochromatography analyas, 1 |il of each sample was spotted onto 
DEAE cellulose thin layer plates and placed into a development chamber containing 
Homo-Mix III at 70''C. Homo-Mix was allowed to migrate to the top of each plate, at 

35 which time die plates were removed, dried, covered with Saran Wrap, and 
autoradiographed. Figure 4 shows die results of tius experiment. 

In Rgure 4, Lanes 1 through 3 contain radiolabeled oligonucleotide mdecular 
size markers of 6, 8, 9, 10, 11, 12, and 13 nucleotides. Lanes 4-10 show reactions for 
primers BW37, BW38, BW39, BW, BW41, BW42. and DG47, respectively, in die 
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absence of dNTP's, Lanes 1 1-24 show control reactions for all primers in the presence 
of 20 mM or 200 mM dNTP. 

In the absence of dNTPs, DNA polymerase generated labeled probe 
firagments using all of the primers with considerably less label being released as the 
5 primer-probe spacing increased. This effect was seen at all the enzyme concentradbns 
examined (0.3125 U to 10 U/reacdon) and all timepoints. The sizes of fragments 
released were the same, about two and three bases in length; however, the primary 
species varied depending upon which primer was added The majority species released 
by die delta zero and delta two primers was one base smaller than that released by the 
10 delta one, five, ten, and twenty primers. This nuclease activity was polymerization- 
independent and proximity-dependent. 

In the presence of nucleoside triphosphates, the sizes of labeled probe 
fragments released, and the relative proportions of each, were identical for all die 
primers examined. Also, the sizes of products were larger by one to two bases when 
15 dNTPs were present It may be that while the enzyme was polymerizing, it had a 
"running start" and as it encountered hybridized probe, was simultaneously displacing 
one to two bases and then cutting, tiius generating a larger fragment. 

There was no detectable difference in amount of product released when dNTPs 
were at 20 |iM or 200 }iM each and no significant differences were seen due to 
20 extension times or enzyme concentratidns in the presence of dNTPs. 

Example 6 

Example to Hlustrate the Nanire of Released 
Product Based on Probe Sequence at the 5^ End 
The effect of strong or weak base pairing at the 5' complementary region of a 
25 probe on the size of released product was assessed. Two probes, BW50 and BW51, 
were designed to contain either a GC- or an AT-rich 5" complementary region. BW50 
and BW5 1 were compared to probe B W33 used in Example V. 
SEQ ID NO: 18 BW50 = 5' 5521-5496 3' 

S'-ialCCCGCCGCGCTTAATGCGCCGCTACA-y 
30 SEQ ID NO: 19 BW51 =5* 5511-5481 3' 

y-gcaTTAATGCCCCGCTACAGGGCGCGTACTATGG-S' 
a,t,g,c = bases which are non-complementary to template strand 

BW50, BW5 1, and BW33 were labeled witii 32P-ATP using polynucleotide 
kinase and had the following specific activities: 
35 BW50: 1.70 x 106 cpm/jpmol 

BW51: 2.22 x 106 cpm/pmol 
BW33: 1.44 X 106 cpra/i)mol 
The final concenuration of all tiiree probes was 0. 10 pmol/ul. 
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IndividuaUy, 0.5 pmol of either probe BW50, BW51, or BW33 and 0-5 pmol 
of primer BW42 were annealed to 0.5 pmol of M13mplOw in a 10.5 ^1 reaction 
volume containing 50mM KQ, 10 raM Tris HCl, pH 8.3, 3 mM MgCl2, and 200 \M 
each of four deoxynucleoside triphosphates. Control samples contained all reaction 
5 components except ttmp]m. For the annealing stq), reaction mixtures were heated to 
98°C for 1 minute and annealed at 60°C for 30 minutes. Tubes were then 
miciocentrifuged and placed in a water bath at 50*Q60°C, or 70^C Afterampletime 
for reaction mixtures to equilibrate to temperature, 0.3125 units of laq DNA 
polymerase was added. Four |il aliquots were removed at 1, 2, and 5 nainutes. 

10 Reactions were inactivated by adding 4 ^1 of 10 mM EDTA to each aliquot and placing 
at 4°C Samples were examined by homochromatography analysis and the results are 
shown in Figures 5 and 6. 

Figure 5 shows the reactions containing the GC-rich probe BW50. Lanes 1-3 
contain oligonucleotide molecular size maikers of 6, 8, 9, 10, 1 1, 12, and 13 

15 nucleotides. Lanes 4-6 show extension reactions pcrfonned at 50°C for 1, 2, and 5 
minutes. Lanes 7-9 show extension reactions at 60®C for 1, 2, and 5 minutes. Lanes 
10-12 show reactions at 70°C for 1, 2, and 5 minutes. Lanes 13-15 are control 
reactions containing all components except template, incubated at 70°C for 1, 2, and 5 
nunutes. 

20 Hgure 6 shows the reactions containing the AT rich probe B W5 1 . As in Figure 

5, Lanes 1-3 are oligonucleotide molecular size maikers of 6, 8, 9. 10, 11, 12, and 13 
nucleotides. Lanes 4-6 are extension reactions performed at 50°C for 1, 2 and 5 
minutes. Lanes 7-9 are reactions at 60^C at 1, 2, and 5 minutes. Lanes 10-12 are 
reactions at 70^C at 1, 2, and 5 minutes. Lanes 13-15 are control reactions containing 

25 all components except template, incubated at 70°C for 1, 2, and 5 minutes. 

The results demonstrate that the nature of probe label release was dependent on 
temperature and base composition at the 5' end The more stable GC-rich probe BW50 
showed litde label release at SQ^C (Figure 5, Lanes 4-6) and increasingly more at 60"C 
(Figure 5, Lanes 7-9) and 70°C (Figure 5. Lanes 10-12). The major products released 

30 were about 3-5 bases in length. BW5 1, which was AT-rich at tiie 5* end, showed as 
much label release at 50'C (Figure 6, Lanes 4-6) as was obs^ed at the higher 
temperatures. In addition, the AT-rich probe generated largor-sized products than the 
GC-rich probe. The base composition of die AT-rich probe may give the opportunity 
for a greater "breathing" capacity, and thus allow for more probe displacement before 

35 cutting, and at lower temperatures than tiie GC-rich probe. 
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Example 7 
HTV Capture Assay 

The following is an example of the use of a dual labeled probe containing biotin 
in a PGR to detect the presence of a target sequence. Two oligonucleotides, BW73 and 
5 BW74, each complementary to a pordon of die HIV genome, weie synthesized widi a 
biotin molecule attached at the 3' end of the oligonucleotide. The 5' end of each 
oligonucleotide was additionally labeled with 3^P using polynucleotide kinase and 
gamma-32p-ATP. The two oligonucleotides PH7 and PH8 are also complimentary to 
the HIV genome, flank die region containing homology to the two probe 
10 oligonucleotides, and can serve as PGR primers defining a 142 base product. The 
sequences of these oligonucleotides axe shown below. 

SEQIDNO: 20 BW73 = 32p-GAGACCATCAATGACK}AAGCrGCAGAATGGGAT.Y 
SEQIDNO: 21 BW74 = 32p-gigGAGACCATCAATGAGGAAGCTGCAGAATGCXjAT.Y 
SEQIDNO: 22 PH7 = AGTGGGGGGACATCAAGCAGCCATGCAAAT 

15 SEQIDNO: 23 PH8 = TGCTATGTCAGTTCCCCTrGGTrCTCT 

In the sequences,''Y"is a biotin, and lower case letters indicate bases that are 
non-complementary to the template strand. 

A set of 50 |il polymerase chain reactions was constructed containing either 
BW73 or BW74, each doubly labeled, as probe oligonucleotides at 2 nM. 

20 Additionally, HTV template in the form of a plasmid clone was added at either 102 or 
103 copies per reaction, and primer oligonucleotides PH7 and PH8 were added at 0.4 

each. Jaa polymerase was added at 1.25 U per reaction and dNTPs at 200 ^M 
each. Each reaction was overlayed with 50 [il of oil, spun briefly in a microcentrifuge 
to collect all liquids to the bottom of the tube, and theraaocycled between 95**C and 

25 60'C, pausing for 60 seconds at each temperature, for 30, 35, or 40 cycles. At the 
conclusion of the thermocycling, each reaction was extracted with 50 jil of CHCI3 and 
. the aqueous phase collected. 

Each reaction was analyzed for amplification by loading 3 \}1 onto a 5% 
acrylantide electrophoresis gel and examined for die expected 142 base pair product. 

30 Additionally, 1 |il of each reaction was examined by TLC homochromotography on 
DEAE cellulose plates. Finally, each reaction was furdier analyzed by contacting the 
remaining volume widi 25 ^1 of a 10 mg/ml suspension of DYNABEADS M-280 
streptavidin labeled, superparamagnetic, polystyrene beads. After reacting with the 
beads, the mixture was separated by filtration through a Costar Spin X centrifuge filter, 

35 the filtrate collected and the presence of released radiolabel determined. 

Figure 7 contains images of the two gels used and shows that 142 base pair 
pnxiuct occurs in all reactions, with and without probe, and increases in amount both 
as starting template was increased fiom 102 to 10^ copies and as thermocycling was 
continued from 30 to 35 and 40 cycles. 
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Rgure 8 is a composite of two autoradiographs of the TLC analysis of aliquots 
of the PCRs and show that radiolabel release occurs and increases in amount with both 
increase in starting template and with longer theimocycling. In die first TLC of PCRs 
using BW73, lanes 1 and 3 contain radiolabeled oUgonucIeotides 2 and 3 bases in 

5 length as size standards. Lanes 4, 5, and 6 contain samples ftom PCRs with 102 
starting copies of template and lanes 7, 8, and 9 with 103 starting copies. Samples in 
lanes 4 and 7 were theimocycled for 30 cycles; in lanes 5 and 8 for 35 cycles; and in 
lanes 6 and 9 for 40 cycles. In the second TLC of PCRs using BW74, lanes 1 and 2 
are the radiolabeled 2 mer and 3 mer, lanes 4, 5, and 6 contain samples from PCRs 

10 with 102 starting copies of template thetmocycled for 30, 35, and 40 cycles, 

respectively, and lanes 7, 8 and 9 wifli 103 copies of starting template thermocycled foi 
30, 35 and 40 cycles, respectively. Hie size of die released label is smaller with 
BW73, which has no 5' non-complementary bases, and larger widi BW74, which has 
a 5' three base non-complementary extension; 

15 Eadi chiomatogram was additionally analyzed 1^ two-dimenaonal radioisotop< 

imaging using an Ambis counter. The results of Ambis counting and bead capture 
counting arc shown in Table 1. The good agreement in die two metiiods of measuring 
label release demonstrates die practicaHty of die use of labeled biotinylated probes and 
avidinylated beads in PCRs to determine product fcomation. 

20 Ismi 



Number 
nf Cycles 



% of Label Released 
Ambis QjiSSsaS 



25 



30 



BW73 



BW74 



102 copies 



103 copies 



102 copies 



103 copies 



30 
35 
40 
30 
35 
40 
30 
35 
40 
30 
35 
40 



6.9 10.8 

29.0 32.7 

47.2 47.2 

11.8 16.8 

35.6 39.3 
53.4 52.5 

8.3 7.9 

20.7 25.2 
43.2 48.3 
15.7 14.7 
32 37.7 
46 47.9 
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Example 8 

Probe Labeling and Solid Phase Extractant Methodolog y 
In one embodiment of the present invention, a separation step is employed after 
probe cleavage but prior to determination of the amount of cleaved probe to separate 
5 cleaved probe products from uncleaved probe. Two alternate separation methods are 
preferred: (1) the use of avidinylated or streptavidinylated magnetic particles to bind 
probes labeled at the 3 '-end with biotin and at the 5 '-end with a fluorophore; the 
magnetic particles bind both uncleaved probe and the 3'-fragment that is the product of 
probe cleavage; and (2) the use of magnetic ion exchange particles that bind 
10 oligonucleotides but not mono- or dinudeotides that are typically labeled at the S'-end 
with a fluorophore or ^^P. Various aspects of these alternate strategies are discussed 
below. 

A. Avidinvlated Magnetic Particles 

The separation system involving 3'-biotinylated probes and niagneric 

15 avidinylated (or strqjtavidinylated) beads is earned out preferably with beads such as 
Dynabeads™ from Dynal; these beads have a biotin binding capacity of approximately 
100 pmoles per 50 \Jd of beads. Nonspecific adsorption is minimized by first seating 
the beads with both Denhardt's solution and carrier DNA. 

The probe for streptavidin-Uotin separation noethods requires a biotin moiety at 

20 the 3'-terminus and a fluorophore at the 5'*terminus. The 3 '-biotin functions botii as a 
ligand for separation by streptavidinylated (or avidinylated) beads and as a block to 
prevent the extension of probe during the amplification. Post-synthesis modifications 
can be simplified by extending each end of the probe with a different nucleophile; for 
instance, one can add an amine to the 3'-end for the addition of biotin and a blocked 

25 thiol at die 5'-end for later addition of tiie fluorophore. The 3'-biotinylated probes can 
be prepared in a variety of ways; some of which are illustrated below. 

An NHS-active ester derivative of Uotin can be added to the 3 '-amine of the 
probe by the reaction mechanism shown in Figure 9. The resulting linkage creates a 
secondary hydroxyl gamma to the amide carbonyl, which may result in instability 

30 during die repeated thermal cycling of a typical PGR. For instance, thermal cycling for . 
40 cycles can render as much as 6% of the initial probe added unable to bind to 
magnetic avidinylated particles. When the bond between the probe and the attached 
biotin breaks down as a result of thermal cycling, the probe can no longer be separated 
from the cleaved products and contributes to the baccground. Altiiough one can help 

35 overcome this problem by attaching more than one biotin to the probe» several alternate 
methods for attaching biotin to an oligonucleotide may yield more stable products. 

One can react biotin hydrazide widi aldehydes generated from a 3'-ribose on the 
probe to yield a biotinylated oligonucleotide. For this strategy, the 3'-nucleotide of the 
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probe contains a ribose sugar in place of the deoxyribose sugar. During synthesis, the 
3'-ribose is attached to the solid support by either its 2'- or 3'-0H. Following 
synthesis, the completed oligonucleotide is released from the solid support, and the 
vicinal diols of the ribose are oxidized by sodium periodate (NaI04) to aldehydes that 
5 are then reacted with the biotin hydrazide, as shown in Figure 10, and the product is 
reduced by sodium borohydride (NaBIU). However, the resulting biotinylated probe 
does not bind efBciendy to avidinylated magnetic particles. The use of biotin long 
chain hydrazide, a compound also shown in Figure 10, can solve diis problem. 

One can attach the biotin to the probe during probe synthesis using a soluble 

10 biotin phosphoramidite, as shown in Figure 1 1. The synthesis begins with a base 
attached to controlled porous glass (CPG), which is ultimately discarded A 
phosphoramidite, which allows the genoation of a 3'-phosphate on ammonium 
hydroxide deprotection of the synthetic oligonucleotide, is added The biotin 
phosphoramidite is then added, and the oligonucleotide synthesized is as shown in 

15 Figure 1 1 , which also shows the final product. This metiiod of attachment allows the 
use of 5'-aniine terminated oligonucleotides for the attachment of a fluorophore. The 
use of a 3'-amine for die attachment of biotin limits the chemistry of attachment of 
fluorophore to 5 '-thiols. Utilization of a biotin phosphoramidite in which one of the 
biotin nitrogens is blocked may improve the synthesis of the biotin labeled probe. 

20 One can also use a cotomercial reagent that consists of biotin direcdy attached to 

porous glass; the reagent is the starting substrate for probe synthesis and is shown in 
Figure 12. This method of attachment allows the use of 5'-aminc terminated 
oligonucleotides for die attachment of a fluorophore. The use of a 3 *-amine for the 
attachment of biotin limits the chemistry of attachment of fluorophore to 5'-thiols. 

25 Enzymatic methods of attachment of modified nucleotides to the 5 '-ends of 

oligonucleotides are also available, although limited in their generality and practicality. 

B. Mapieticlon Exchange Matrices 

One can use commercially available polyethylendmine (FES) matrices 
(cellulose- silica-, and polyol polymer-based) particles to sq)arate cleaved fix)m 

30 uncleaved probe. For instance, Hydrophase PEI, Selectacel™ PET, Bakerbond™ PEI, 
and Amicon PAE 300, 1000, and lOOOL are all commCTcially available PEI matrices 
that give separation of uncleaved probe from cleaved probe products. 

Commercially available activated cellulose magnetic particles, such as Cortex 
MagaCell™ particles can be derivatized witii PEIs of various lengths, such as PEI600, 

35 PEI1800, and PEIIO.OOO, and at different molar ratios of PEI per gram of matrix. 
However, all sizes of oligonucleotides and coumaiin-labeled oligonucleotides bind to 
magnetic cellulose and agarose beads whether or not they have been derivatized with 
FEI (the specificity seen with oligonucleotides on commercially available PEI matrices 
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is lost when one labels the oligonucleotides with coumarin). The addition of high 
concentrations of salt (2.0 M NaQ) or N-mcthyl pyrrolidone (10 to 20%) partially 
increases the specificity, and other cosolvents such as SDS, Brij 35, guanidine, and 
urea can also be used to increase the specificity of binding. However, 8 M urea 
5 provides efficient blocking of the nonspecific binding of coumarin labeled di- and tri- 
nucleotides to both Bakerbond™ PEI and magnetic Cortex™ PEI derivatized particles, 
although the use of N-substituted ureas may be more preferred. 

As noted above. Cortex Biochem sells a variety of activated cellulose coated 
magnetic particles that can be linked to PEL The most convenient of these is die 

10 periodate activated matrix. The protocol recommended by the manufacturer to attach 
amines to the periodate activated matrix, however, has several problems: the reaction of 
an amine with an aldehyde results in imines that are labile and can be hydrolyzed or 
reacted further with amines; during the step to block remaining aldehydes by the 
addition of excess ethanolamine, the PEI can be displaced by ethanolamine, thus 

15 removing the PEI from the matrix; during the conjugation reaction under basic 

conditions, aldol condensation can lead to reaction among the aldehyde groups, thereby 
resulting in aggregation of the particles; and reaction of aldehydes under basic 
conditions may result in fret radicals tiiat can attack the cellulose, and participate in a 
variety of reactions. 

20 To stabilize die imine, a reduction step (widi NaBH4 and NaBHaCN) can be 

included; however, this step can result in the production of gas, a decrease in the mass 
of the particles, and particle agglutination. These unwanted eflFects may result from the 
production of fie& radicals. The complications resulting from ccMijugation to active 
aldehydes may be avoided through die use of epoxide chemistry. The resulting beta- 

25 hydroxyamines are stable and do not require reduction. In addition, because oxygen 
may participate in the generation of free radicals, the removal of oxygen from the 
system should minimize free radical formation, especially during the reduction step. In 
one synthesis of PEI derivatized cellulose coated magnetic particles, the ethanolamine 
blocking step was eliminated and the preparation purged overnight widi helium prior to 

30 and during reduction with sodium cyanoborohydride. There was littie aggregation in 
the final preparation. 

Polyacrolein magnetic particles can be derivatized with both PEI6(X) and 
ethylene diandne, and the non-specific binding of coumarin labeled di- and 
trinucleotides can be inhibited by high concentrations of NMP. The use of longer 

35 chained PEI polymers may mask nonspecific backbone interaction witii small, 
coumarin labeled oligonucleotides. 

One inqx)rtant factor in selecting a magnetic matrix for use in the present 
method is the amount of background fluorescence contributed by the matrix. One 
strategy to miniTniy^ this background fluorescence is to select fluorophores with 
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excitation and emission maxima that minimally overlap the background fluorescence 
spectra of the buffer, matrix, and clinical samples. In addition, the fluorescent 
background may result from the presence of contaminants in the matrix that might be 
removed by extensive pretreatment prior to binding. 

5 r. Chemistrv o f Attachment of the Fluorophore to the Probe 

As noted above, the prcfened label for the piobe, regardless of separation 
strategy, is a fluorophore. Thare appears to be interaction between the oligonucleotide 
probe and the attached fluorophore. This interaction may be responsible for the 
reported quenching observed when fluorophorcs have been attached to 

10 oligonucleotides. One should select fluorophores that minimally interact with DNA 
when attached to the 5'-terminus of a nucleic add. 

Three preferred fluorophorcs are 7-diethylamino-3-(4'-maleimidylphenyl)-4- 
metiiyl coumarin (CPM), 6-(bromomethyl)fluorescein (BMP), Lucifer Yellow 
iodoacetamide (LYIA), and 5-(and 6-)carboxy-X-rhodamine succinimidyl ester, with 

15 CPM pirfmed due to several properties: large extinction coefBcient, large quantum 
yield, low bleaching, and large Stokes shift. The fluorophore can be attached tiirough a 
thiol attached to die 5'-phosphate group of die probe, but in die case of CPM, this 
process yields an aryl maleimide, which can be unstable under thermocycling 
conditions. 

20 A number of commercial instruments are available for analysis of fluorescently 

labeled materials. Forinstance,the ABI Gene Analyzer can be used to analyze attomole 
quantities of DNA tagged with fluorophores such as ROX (6-carboxy-X-rhodamine), 
rhodamine-NHS, TAMRA (5/6-carboxytetramethyl rhodamine NHS), and FAM (5'- 
carboxyfluorescein NHS). These compounds are attached to die probe by an amide 

25 bond tiirough a 5'-alkylamine on die probe. Odier useful fluorophores include CNHS 
(7-amino-4-mediyl-coumarin-3-acetic acid, succinimidyl ester), which can also be 
attached through an amide bond 

Modifications may be necessary in the labeling process to achieve eERciait 
attachmentof a given fluorophore to a particular oligonucleotide probe. For instance, 

30 the initial reaction between a 5'-amine terminated probe and 7Htiethylaniinocouinarin-3- 
carboxylate NHS estCT was very inefficient. The probe, which had been 
phosphorylated at the 3'-end to prevent extension of the probe during amplification, 
had significant secondary stracture, one conformation of which placed die 5' -amine and 
die 3'-phosphate in close enough proximity to form a salt bridge. This structure may 

35 have prevented die 5'-amine from being available for reacting widi die NHS ester, dius 
causing die low yield of product. Addition of 25% N-mediylpyrrolidinone (NMP) 
maricedly improved the efficiency of the reaction. 
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One can also use both a fluoropnore and quenching agent to label the probe. 
When the probe is intact, the fluorescence of the fluorophorc is quenched by the 
quencher. During the present method, the probe is cleaved between the fluorophore 
and the quencher, allowing full expression of the fluorophore fluorescence. Quenching 
5 involves transfer of energy between the fluorophore and the quencher; the emission 
spectrum of the fluorophore and the absorption spectrum of the quencher must overlap. 
A preferred combination for this aspect of the invention is the fluorophore rhodamine 
590 and the quencher crystal violet. 

One such probe is shown in Figure 13. The synthesis of this construct requires 
10 attachment of a rhodamine derivative through a 5'-thiol and the attachment of the crystal 
violet through an amine extending from a thymidine two bases away. The separation of 
the two moieties by two phosphodiester bonds increases the chances for cleavage by 
the DNA polymerase between them. 

Initial attempts to attach the crystal violet by reaction between a lactone and 
15 amine were unsuccessful. The crystal violet was modified to generate an active acyl 
azide, shown in Figure 14. This form of crystal violet was reacted with amine- 
modified DNA, and the desired product was purified on reverse phase HPLC. 

Attempts to react the rhodamine-X-maleimide group with the 5 '-thiol were 
unsuccessful. This was also the case when the rhodamine-X-maleimide was reacted 
20 prior to addition of the crystal violet This may be because the deblocked 5'-thiol reacts 
with the acrylamide double bond in the diymidine spacer arm (see Figure 13). An 
alternate method for the addition of an amine to the thymidine is shown in Figure 15. 

This example provides genwal guidance for attaching a biotin to the 3'-end of 
an oligonucleotide probe and a fluorophore to the 5'-end of an oligonucleotide probe. 
25 Those of skill in the art will recognize that a number of methods for such attachments 
are known in the art and that the present invention is not limited by the particular 
method chosen to label the probe. 

Example 9 

Protocol for AmpliWaxS i Mediated PGR with UNO and dUTP 
30 The PGR process can be improved widi respect to specificity of amplification 

by processes and reagents described more fully in PCT patent application Serial No. 
91/01039, filed February 15, 1991; U.S. patent application Serial No. 481,501, filed 
February 16, 1991; PCT patent application Serial No. PCT/US 91/05210, filed July 
23, 1991; U.S. patent application Serial No. 609.1i7, filed November 2, 1990; and 
35 U.S. patent application Serial No. 557,517, filed July 24, 1990. The disclosures of 
tiiese patent applications are incorporated herein by reference, and the following 
protocol demonstrates how these improved PGR methods can be used in conjunction 
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with the present method for superior results. All reagents can be purchased firom 
Perkin-Ehner Cetus Instruments (FECI, Norwalk, CT). 

This protocol essentially involves three components: MicroAmplM tubes 
containing dNTPs, primers, magnesium, and Tris that have been covered with wax; 
5 Premix B to which is added AmpliTaq® DNA Polymerase and UNG (and is therefore 
called the Enzyme Mixture); and Premix C to which arc added the test saniple and 
probe. The EuTyme Mixture and test sample with probe are made and added above the 
wax layer. The tubes are then placed in a TC9600 thermocycler and thermocycled. 
The protocol below assumes a 50 jil reaction, with test samples of no more than 27 ^1, 

10 and the target is HIV. 

The reagents are preferably supplied as follows. MicroAmp™ tubes containing 
12.5 ^1 of Premix A and one 12 mg AmpUWax™ PGR pellet per mbe are prepared. 
Premix A contains 1 ^M SK145 primer and 1 ^iM SK431 primer (neitha: primer is 
hiorinylated), 800 ^lM dATP, 800 \}M dGTP. 800 |iM dCTP. 800 jiM dUTP, 15 mM 

15 MgQi, and 10 mM Tris-HQ, pH 8.3. The AmpliWax™ pellet consists of a 55'C- 
mdting paraffin (Aldrich Chemical Co.) containing 0.15% Tween 65, and the wax 
pellet and Premix A bottom layer are added together in a DNA-&ee room. The wax 
pellet is then melted to form a vapor barrier on top. This barrier will retain its integrity 
when the tubes are stored at 4 to 25'C and the PCR reagents below the barrier arc 

20 storage stable for months at 4*C. There is no mixing of material added above die 

barrier until the wax is melted during the initial stages of thermal cycling. Control tubes 
are identical but contain no primer. 

Prenrix B buffer contains 10 mM Tris-HQ, pH 8.3, and 50 mM KCl and is 
used for dilution of the enzymes AmpliTaq<8> DNA polymerase and UNG. About 2.6 

25 |xl of Premix B buffer are used pex reaction. 

Premix C buffer is prepared as a lOX concentrate, which contains 105 mM Tris- 
HCl, pH 8.3, and 715 mM KCl and is added to die test DNA sample so tiiat the final 
Tris and KCl concentrations in the finalxeaction are 10 mM and 50 mM, respectively. 
The probe is also added in this layer, as well as carrier DNA, if any. If plasmid 

30 controls are run, about 1 \ig of human placental DNA (1 ^g^^il in 10 mM Tris, pH 8, 1 
mM EDTA. and 10 noM NaCl, which has been sheared, phenol/chloroform extracted, 
chloroform exttacted, and etiianol predpitaied) per reaction is usually added as carrier 
DNA. About 3.3 ^ll of die lOX stock of Premix C are added per reaction. 

The probe is prepared as a 5 ^M stock and designated as LGIOIC. Probe 

35 LGIOIC has a 3'-phosphate to prevent extension of the probe and a 7- 

diethylaminocoumarin-3-carboxylate attached to a 5'-amino aliphatic group ot^ the 
oligonucleotide by an amide bond The nucleotide sequence of the probe is shown 
below: 

SEQIDNO:24 LGIOIC: y-GAGACCATCAATGAGGAAGCTGCAGAATGGGAT 
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This probe should be stored at -20*C in the dark. 

AmpIiTaq® DNA polymerase is provided at a stock ooncentratioii of 5 U/^I 
from PECI, and UNG is provided at a stock concentradon of 1 U/|il from the same 
vendor. One can also run plasmid calibration samples, and for this purpose, the 
5 preparation of stock dilutions (copies^) of 300, 1,000; 3,000; 10,000; 30,000; 

100,000; and 1,000,000 with GeneAmplimer™ Positive Control DNA is helpful This 
DNA consists of the HIVZ6 genome rearranged to interrupt die eqI region, and so 
block infectivity, inserted into plasmid pBR322. 

Each final reaction mH consist of 12.5 |il of Premix A; 2.6 \il of Premix B; 3.3 
10 pi of Premix C; 2 pi of LGIOIC probe; 27 pi of test sample; 0.4 pi of AmpliTaq® 
DNA polymerase; and 2 pi of UNG yielding a final volume of 49.8 jil. This mixmrc 
comprises 250 nM of each primcn 200 ^iM of each dNTP; 3.75 mM Mga2; 50 mm 
KCI, 10 mM Tris-HCl^ pH 8.3; 200 nM of probe; 2 units of UNG; and 2 units of 
polymerase. 

15 To run the reaction, one first prepares the Enzyme Mixture in a DNA-free hood 

or room by mixing, per reaction, 2.6 pi of Premix B buffer, 0.4 pi of AmpliTaq® DNA 
polymerase, and 2 |Xl of UNG. For eveiy 16 reactions that will be run, one should 
prepare enough Enzyme Mixture for 18 reactions to ensure enough material. The 
Enzyme Mixture is tiien added to each MicroAmpTM tube containing wax-covered 

20 Premix A over the wax in a DNA-free hood or room. A single sampler tip can suffice 
for all transfers, and 5 pi of Enzyme Mbcture are added to each tube. 

In the sample preparation area, the Sanq)le Mixture is prepared by mixing, per 
reaction, 3.3 pi of lOX Premix C Buffer, 27 ^1 of sample (for quantification controls, 
add 10 pi of stock dilution and 17 pi of water), and 2 pi of probe (carrier DNA, if any, 

25 is mixed with sample). Then, using a separate sampler tip for each transfer, add 32.3 
pi of Sample Mixture to each tube; the volume imbalance between the Enzyme Mixture 
and Sample Mixture assures complete mixing. One should also set up two control 
tubes lacking primers to serve as a measure of probe cleavage resulting from thermal 
cycling. This control typically contains 1,000 copies of control template. In addition, 

30 one should set up a dilution series of plasmid to calibrate the assay. This calibration is 
typically in the range of 3 to 10,000 copies of HIV target per sample. After the above 
stq)s are completed, the tubes are capped and assembled into the TC9600 tray. 

The thermal cycler profile is as follows: 1 cycle of 50"C for 2 minutes; 5 cycles 
of 95'C for 10 seconds, 55'C for 10 seconds, and 72'C for 10 seconds; and 35 cycles 

35 of 90*C for 10 seconds, 60*C for 10 seconds, and 72*C for 10 seconds. When diermal 
cycling is complete, the tubes are removed from the TC9600 and stored at -20'C, if 
necessary. Prolonged soaking of the mbes at above 70'C is not recommended, and 
alkaline denaturation should not be employed 
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A number of controls are useful, including a no-template control to determine 
contamination of reaction mixtures as well as amplification of nonspecific products that 
may result in probe cleavage and give nonspecific signals; a no-primer control to prove 
a measure of nonanq)lification related cleaveage of the probe Aat might contribute to 
5 background (one might also include some clinical samples in the tests to detect the 
presence of components that may result in probe cleavage); and quantitation controls. 

To remove POl product from beneath the wax layer that wiU form after 
amplification using die above protocol, one can withdraw sample after poking a 
sampler tip tiux)Ugh die center of the wax layer, advancing die tip slowly with gende 

10 pressure to minimize die chance tiiat reaction mixture will spurt past die tip and 

contaminate the lab- Steadying die sampler widi one finger of die hand holding the 
reaction tube gready increases control. Slim (geHoading) sampler tips penetrate die 
wax especially well. A slicing motion rather dian a poking motion also facilitates 
penetration and helps to assure diat die tip will not be clogged widi wax. If die tip 

15 picks up a piece of wax, die wax can normally be dislodged by gende rubttng against 
the remaining wax. 

One can also fteeze die reaction tubes (e.g., in dry ice ethanol or ovCToight in a 
fi-eezer), thaw them, and spin briefly in a microfuge (angle rotor). The wax layer will 
be heavily firactured, allowmg sampler insertion witiiout any chance of clogging. 

20 firagments can be wiped fix)m die sampler tip against die inner wall of die tobe. This 
mediod is especially convenient for positive displacement saniplars, which often have 
tips so diick that direct penetration of die intact wax layer is hard. EdiCT of die above 
mediods should exclude wax from die wididrawn smxpto so completely tiiat chloroform 
extraction is unnecessary. 

25 Aldiough die foregoing invention has been described in some detail for the 

purpose of illustration, it will be obvious that changes and modifications may be 
practiced within the scope of the appended claims by tiiose of ordinary skill in die art 

Examplg 10 
Solid Phase Extraction widi BakerbondSirei 
30 This example provides a protocol for sampling a PGR mixture in which the 

amplification was carried out in the presence of a fluorescentiy labeled (a coumarin 
derivative) probe according to the mediod of the present invention. 

The preparation of certain stock reagents facilitates practice of this protocoL 
One such reagent is Eppendorf tubes containing 50 mg of pre-washed Bafcerbond PEI 
35 matrix. The Bakerbond™ PEI can be obtained from J.T. Baker (product No. 7264-00) 
and is a silica based, 40 |im particle size, 275 angstrom pore size. The matrix is 
prepared by washing first with water, then ethanol; then water; and then a mixture of 10 
mM Tris, pH 8,3, 50 mM KQ, 1 mM EDTA, 2 M NaQ, and 8 M urea; and dien 
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equilibrated in 10 mM Tris, pH 8.3. 50 mM KCl, 1 mM EDTA. 500 mM NaCl, and 8 
M urea. Following distribution, 15 ^il of water is added to each tube to keep the matrix 
hydrated. The tubes should be stored at 4*C. 

Binding buffer can also be prepared as a stock solution, and the coroposidon is 
5 10 mM Tris, pH 8, 500 mM NaCl, 50 mM KQ, 1 mM EDTA, and 8 M urea. The 
binding buffer should be stored at 4*C, although urea nday precipitate at diis 
tonperature. The binding buffer can be warmed briefly before use to resuspend the 
urea. 

Certain equipment is useful in carrying out this protocol. During the binding 

10 step, the tubes should be mixed to keep the matrix in suspension, and a Vortex Genie 2 
mixer (available from Fischer Scientific, Cat. No. 12-812, with the 60 microtube 
holder. Cat. No. 12-812-B) is useful for this purpose. In addition, an Eppendorf 
microfugc, an Hitachi Model 2000 spectrofluorometer, and microfluorimeter quartz 
cuvettes with 2 mm internal width and a 2.5 nun base path length (available ftom Stama 

15 Cells, Inc., No. 18F Q 10 nun 5) are also useful in canying out this protocol. 

Appropriate controls should also be performed, and the binding step requires 
three controls. The control for background fluorescence involves the preparation of a 
sample that contains all components of the PCR amplification except probe. The 
control sample should be processed identically as the actual test samples in that 20 |il 

20 will be added to matrix and the fluorescence present in the supernatant measured. This 
control provides a way to measure background fluorescence present in the matrix, 
binding buffer, and any of the coniponcnts in die PGR amplification mixture and also 
provides a measurement of the amount of fluorescence present in clinical samples. 
The second conut>l provides a measurement for inadvertent probe breakdown 

25 and for the binding reaction and consists of a mock PCR amplification mixture that 
contains all of the components including probe but is not subjected to thermal cycling. 
The control sample should be processed identicaDy as the actual test samples in that 
20 ^il will be added to matrix and the fluorescence present in the supernatant measured. 
This control provides a way to measure die presence of probe breakdown on storage as 

30 well as the efficiency of die binding reaction. If no breakdown occurred and if die 
binding reaction is conq)lete, the fluorescence of the supernatant following binding to 
the Bakerbond™ PEI should be sinular to die background measured in the first control. 

The tfiird control provides a way to measure die input amount of probe. The 
sample prepared for the second control can be used for this measurement. However, in 

35 this case, 20 Jil are added to a tube containing 290 of binding buffer widiout matrix. 
This control can be used to determine the input amount of probe. 

To begin die protocol, one first determines die number of binding tubes 
required; diis number is die sum of test samples and controls. The controls are a no- 
template control, a no-primer control, calibration controls, and the first and second 
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controls discussed above. Controls can be done in triplicate. To each tube, one adds 
235 ^il of binding buffer. 

One also prq>ares a tube to measure the input by adding to an empty Eppendoif 
tube: 290 pi of binding buffer, which is equivalent to tfie volume in the tubes with 
5 matrix (235 jil of binding buffer, 15 fil of water, and 40 pi contributed by matrix 
volume). The input amount detennination can be done in triplicate. 

To the tubes containing matrix (the test samples and first and second controls), 
one adds 20 ^il of sample. To the tubes containing buffer (the third control), one adds 
20 ^1 of mock PGR amplification mixture. The tubes are then shaken on a Vortex 
10 Genie 2 mixer at a settmg of 4 at room temperature for 30 minutes. The mbes are then 
centrifuged in an Eppendorf microfuge (16,000 X g) for 5 minutes at room 
temperature. The upper 200 \Jd of supernatant from each tube is removed without 
disturbing the pellet or matrix present on the wall of the mbe and placed in a clean 
Eppendorf mbe. 

15 Hie fluorescence of the supernatant is measured on a Hitachi Model 2000 in the 

cuvettes indicated above. For probes labeled with 7-diethylamino-3 (4'- 
maleimidophenyl)-4-methyl-coumarin, the spectrofluorometer is set as follows: PM 
voltage is 700 V; the excitation wavelength is 432 nm; the emission wavelength is 480 
nm; the excitation slit width is 10 nm; and the emission slit width is 20 nm. One should 

20 rrriTiiTm'7^ exposuTO of sample to excitation light; if the sample is to remain in the 
spectrofluorometer for a prolonged paiod, the shutter should be closed. 

The number of pmoles of probe cleaved is the most convenient way of 
assessing the amount of signal. To assess the amount of signal, then, one first 
deteraiines die input signal from the third control by the following calculation: 

25 fFluntsscence Si^al of Third Control -Fli inrescence Signal of First Contron x GlO/20) 

10 pmoles 

In this formula, die subtraction conects for any background fluorescence in the test 
sample; 310/20 is the dilution factor, and 10 pmoles is die amount of probe added to die 
PGR aiiq)lifications. 

30 The amount of test sample signal is calculated by the following formula: 

Fluorescence Signal oFTest Sample - Fluoresce nce Signal of First ControD x 310/20 

Input Signal 

The above protocol can be modified according to the particular fluorophore used to 
label tiie probe and is merely illustrative of the invwition, 
35 Rgure 16 shows typical results and relation of signal to input target numb^ for 

die present method using Bakerbond™ PEl solid phase cxtractant 
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Sequence Listing 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Cetus SL Ai- 

(ii) TITLE OF INVENTION: Homogeneous Assay System 
5 (ill) NUMBER OF SEQUENCES: 24 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Cetus Corporation 

(B) STREET: 1400 Fifty-Third Street 

(C) CITY: Emeryville 
10 (D) STATE: California 

(E) COUNTRY: U.S.A. 

(F) ZIP: 94608 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.50 inch, 800 Kb storage 
15 (B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: Macintosh 6.0.5 

(D) SOFTWARE: WordPerfect 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 
20 (B) FILING DATE: August 6, 1991 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 563,758 

(B) FILING DATE: August 6, 1990 
25 (viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Kevin R. Raster 

(B) REGISTRATION NUMBER: 32,704 

(C) REFERENCE/DOCKET NUMBER: 2528.1 
(ix) TELECOMMUNICATION INFORMATION: 

30 (A) TELEPHONE: (415) 420-3444 

(B) TELEFAX: (415) 658-5470 



wo 92/02638 



PCr/US91/05571 



42 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 bases 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CCGATAGTTT GAGTTCTTCT ACTCAGGC 
10 (2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 
(B> TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

GAAGAAAGCG AAAGGAGCGG GCGCTAGGGC 
(2) INFORMATION FOR SEQ ID NO: 3: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 3: 
CGCTGCGCGT AACCACCACA CCCGCCGCGC X 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 37 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GATCGCTGCG CGTAACCACC ACACCCGCCG CCGCGCX 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 41 bases 
(B) TYPE: nucleic acid 
5 (C) STRANDBDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 

CGTCACCGAT CGCTGCGCGT AACCACCACA CCCGCCGCGC X 
10 (2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 6: 

GATGAGTTCG TGTCCGTACA ACTGG 
(2) INFORMATION FOR SEQ ID NO: 7: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
GGTTATCGAA ATCAGCCACA GCGCC 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ IE NO: 8: 

CGCTGCGCGT AACCACCACA CCCGCCGCGC 



30 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

GATCGCTGCG CGTAACCACC ACACCCGCCG CGC 33 
10 (2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4.0 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

CGTCACCGAT CGCTGCGCGT AACCACCACA CCC6CCGCGC 40 
(2) INFORMATION FOR SEQ ID NO: 11: 

20 (i) SEQUENCE charac:teristics : 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GCGCTAGGGC GCTG(3CAAGT GTAGCGGTCA 30 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: . 

3GCC3CTAGGG CGCTGGCAAG TGTAGCGGTC 30 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 

GGGCGCTAGG GCGCTGGCAA GTGTAGCGGT 
10 (2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14 

AGCGGGCGCT AGGGCGCTGG CAAGTGTAGC 
(2) INFORMATION FOR SEQ ID NO: 15: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi)- SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
AAAGGAGCGG GCGCTAGGGC GCTGGCAAGT 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Dther. Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

GAAGAAAGCG AAAGGAGCGG GCGCTAGGGC 
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(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

CGGCCAACGC GCGGGGAGAG GCGGTTTGCG 30 
10 (2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

TATCCCGCCG .CGCTTAATGC GCCGCTACA 29 
(2) INFORMATipN FOR SEQ ID NO: 19: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GCATTAATGC GCCGCTACAG GGCGCGTACT ATGG 34 
(2) -INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

GAGACCATCA ATGAGGAAGC TGC:AGAATGG GAT 33 
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(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS : single 

<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

GTGGAGACCA TCAATGAG6A AGCTGCAGAA TGGGAT 36 
10 (2) INFORMATION FOR SEQ ID NO: 22:. 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 30 bases 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

AGT<5GGGGGA CATCAAGCAG CCATGCAAAT 30 
(2) INFORMATION FOR SEQ ID NO: 23: 
20 <i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
TGCTATGTCA GTTCCCCTTG GTTCTCT 27 
(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

GAGACCyiTCA ATGAGGAAGC TGCACSAATGG GAT 33 
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Weaaim 

1 . A process for the detection of a target nucleic add sequence in a sample, 
said process comprising: 

(a) contacting a sample comprising single-stranded nucleic adds with an 

5 oligonucleotide containing a sequence complementary to a region of the target nucleic 
add and a labeled oligonucleotide containing a sequence complementary to a second 
region of the same target nucleic add sequence strand, but not including the nucleic acid 
sequence defined by the first oligonucleotide, to create a mixture of duplexes during 
hybridization conditions, wherein the duplexes comprise the target nucldc acid 
10 annealed to the first oligonucleotide and to tiie labded oligonucleotide such tiiat die 3' 
end of tiie first oligonucleotide is adjacent to die 5* end of tfie labded oligonucleotide; 

(b) maintaining die mixture of step (a) with a ten^late-dependoit nucleic add 
polymOTse having a 5' to 3' nuclease activity under conditions sufficient to permit the 
5' to 3* nuclease activity of the polymerase to cleave the annealed, labeled 

15 oligonucleotide and release labded fi:agments; and 

(c) detecting and/or measuring the release of labeled firagments. 

2 . The process of claim 1 wherein die 3' end of die first oligonucleotide in 
the annealed duplex of svsp (a) is adjacent the 5' end of an annealed, labeled 

20 oligonucleotide, having spacing effective to permit die release of labeled fragments in 
die absence of nucleic add polymerization. 

3 . The process of claim, 1 wherein the oligonucleotides comprise 
deoxyribonucleotides. 

25 

4. The process of claim 1 wherein the nucldc add polymerase is aDNA 
polymerase having a 5* to 3' nuclease activity. 

5 . Tht process of claim 1 wherein a nucleotide within the labded 
30 oligonucleotide is modified to control nuclease cleavage specificity. 

6 . The process of claim 1 wherein said labeled oligonucleotide comprises at 
least one label. 

35 7 , The process of claim 1 wherein the labeled oligonucleotide comprises first 

and second labels whoein die first labd is separated ftom the second label by ? 
nuclease susceptible cleavage site. 
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8 . The process of claim 6 wherein the labeled oligonucleotide is labeled at the 
S' torminus. 

9 . The process of claim 7 wherein the labeled oligonucleotide further 
5 comprises a tail of non-nucleic acids or a sequence of nucleotides which is 

non-complementaiy to the target nucleic acid sequence. 

1 0 . The process of claim 9 wherein the label is attached to a nucleotide in the 
tail or non-complementaiy sequence. 

10 

1 1. The process of claim 10 whwein the label is at tiie 5' tmninus and is 
separated from the sequence coniplementary to the target nucleic acid sequence by the 
tail or non-complementary sequence. 

1 2. The process of claim 1 performed under conditions sufficient to promote 
nucleic acid polymerization, wherein the release of labeled fragments occurs during 
extension of the first oligonucleotide. 

13. A polymerase chain reaction (PGR) amplificaticm process for detecting a 
target nucldc acid sequence in a sample, said process comprising: 

(a) providing to a PGR assay containing said sanq^le, at least one labeled 
oligonucleotide containing a sequence coii5>l«iicntary to a region of the target nucleic 
add, wherein said labeled oligonucleotide anneals within the target nucleic acid 
sequence bounded by the oligonucleotide primers of step (b); 

(b) providing a set of oligonucleotide primes, wherein a first primer contains 
a sequence complemeniaiy to a region in one strand of the target nucleic acid sequence 
and primes the syntiiesis of a complementary DNA strand, and a second primer 
contains a sequence complementary to a region in a second strand of the target nudeic 
add sequence and primes the synthesis of a complementary DNA strand; and wherdn 
each oligonucleotide primer is selected to anneal to its complen[}entary template 
upstteam of any labeled oligonucleotide annealed to die same nucldc add strand; 
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(c) air5)lifymg the target nucleic acid sequence employing a nucldc acid 
polymerase having 5' to 3' nuclease activity as a template-dependent polymerizing 
agent under conditions which are pemaissive for PGR cycling steps of (i) annealing of 
primers and labeled oligonucleotide to a template nucleic add sequence contained 
5 within the tgiget sequence, and (ii) extending die primer wherein said nucleic acid 
polymerase syntiiesizes a primer extension product while the 5' to 3' nuclease activity 
of the nucleic acid polymerase simultaneously releases labeled fragments from the 
annealed duplexes comprising labeled oligonucleotide and its complementary template 
nucleic acid sequences, diereby creating detectable labeled fragments; and 
10 (d) detecting and/or measuring tiie release of labeled fragments to deternmn^ 

die presence or absence of die target sequence in the sample. 

14. The PGR process of claim 13 wherein said nucleic acid polymerase k 
tiiermostable enzyme. 

15 . 

1 5 . The PGR process of claim 14 wherein said thermostable enzyme is die 
DNA polymerase from a Thermus species. 

16. ThePCRprocessofclaimlSwhCTcin the 3* end of an annealed 

20 oUgonucleotide primer is adjacent die 5' end of die labeled oUgonudeotide annealed to 
die same nucldc add strand 

17. The PGR process of claim 16 wherein said labeled oligonucleotide has a 
blocked 3' terminus to prevent extension by die nucleic add polymerase. 

25 

1 8 . The PGR process of claim 16 wherein the labeled oligonucleotide further 
comprises a sequence of one to about ten nucleotides which sequence is substantially 
non-complementary to the target nucleic add sequence. 

30 19. The PGR process of claim 13 wherein the labeled oligonucleotide 

comprises first and second labels wherein die first label is separated from die second 
label by a nuclease susceptible cleavage site. 

20. The PGR process of claim 13 wherein a pair of labeled oligonucleotides 
35 probes are provided in step (a). 



i 
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21. The PGR piocess of claim 20 wherein said pair of kbeledpiobesan^ 
different, non-overlapping regions of the same complementary nucleic add strand, 
wherein the 5' end of the second labeled probe is adjacent to the 3* end of the first 
labeled probe. 

5 

22. The PGR process of claim 18 wherein the label is attached to a nucleotide 
in the non-complementary sequence. 

23 . The PGR process of claim 22 wherein the label is at the 5' terminus and is 
10 separated firom the conaplementaiy probe sequence by the non-complementary 

sequence. 

24. The PGR process of claim 13 wherein the oligonucleotide is labeled at tiic 
5* teinainus. 

15 

25 . The PGR process of claim 17 wherein die oligonucleotide is labeled at the 
blocked 3' terminus. 

26. The PGR process of claim 13 wherein die label is attached to an internal 
20 sequence of the oligonucleotide. 

27 . The PGR process of claim 13 wherein the label provides a signal 
proportional to the number of target nucleic acid sequences amplified. 

25 28 . The PGR process of claim 13 wherein the label is a deoxyribonucleoside 

analog having signal-generating properties. 

29. The PGR process of claim 13 wherein die labeled oligonucleotide 
con^rises a pair of interactive signal-generating labels effectively positicmed cm die 

30 oligonucleotide to quench the generation of detectable signal, said labels being 

separated by a site within the oligonucleotide suscq)tible to nuclease cleavage, thereby 
allowing, during primer extension, die 5' to 3* nuclease activity of the nucleic acid 
polymerase to separate the first interactive signal-generating label from the second 
interactive signal-generating label by cleaving at the susceptible site diercby yielding a 

35 detectable signal. 

30. The PGR process of claim 29 whoein said first label is a 
chemiluminescent substrate and said second label is a fluorpphdre which interacts 
therewith. 
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3L The PGR pn)cess of claim 13 wherein the label of said o^^^ 
attached through a spacer arm of sufficient length to permit the 5' to 3' nuclease activity 
of the nucleic acid polymerase to release labeled fragments. 

5 

32. The PGR process of claim 13 wherein the melting temperature (Tm) 
differential between the labeled oligonucleotide and its* associated upstream 
oligonucleodde primer is effective to provide preferential binding of the labeled 
oligonucleotide during die annealing step of PGR cycles. 

10 

33. The PGR process of claim 32 wherein the Tm of the labeled 
oUgonudeotide is as great as 40°G higher than the T^ of the upstream oUgonucleotide 
primer. 

15 34. The PGR process of claim 13 wherein the labeled oligonucleotide 

fragments comprise a mkture of mono-, di- and larger nucleotide fragments. 

35 . The PGR process of claim 13 which further comprises separating labeled 
oligonucleotide fragments from othCT components in the PGR mbcture prior to detection 

20 of labeled fragments. 

36. The PGR process of claim 35 wherein the separation step uses size 
exclusion chromatography. 

25 37 . The PGR process of claim 35 wherein the labeled fragments are separated 

from the PGR mixture by solid phase extraction. 



30 



38. The PGR process of 37 wherein avidin or stteptavidin is attached to the 
solid phase and die labeled oligonucleotide fiirtiier comprises a bound biotin molecule 
separated from die label by a nuclease susceptible cleavage site. 
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